Searching PAJ 



1/1 v 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication numb r : 2001-01 581 7 

(43)Dat of publication of application : 1 9.01 .2001 



(5 Dint CI. 


HOIL 33/00 
H01S 5/022 

- i 


(21) Apphcation number : 2000-1 0603 7 

(22) Date of filing : 07.04.2000 


Ol^ArM-ilI^arvf • UATQI I^HTTA Fl FnTROKIIfi^N INDUSTRY OORP 
V / 1 ^Applicant . MM 1 oUoni 1 M clco i nuniuo iimljuo i r\ i wwr\r 

(72)Inventor : INOUE TOMIO 

MAEDA TOSHIHIDE 
OBARA KUNIHIKO 


(30)Priority 

Priority number : 1 1 1 1 7643 Priority date : 


26.04.1999 Priority country : JP 



(54) COMPOUND LIGHT-EMITTING ELEMENT. LIGHT-EMITTING DIODE AND MANUFACTURE THEREOF 



(b7)Abstract: 

PROBLEM TO BE SOLVED: To provide a compound light-emitting element 
of a constitution, wherein the layer thickness of a resin containing a 
fluorescent material, for making a wavelength conversion of light from the 
main light-extraction surface of a flip-chip light- emitting element into a 
wavelength conversion of white light is optimized and the pure white light is 
obtained, and to provide a light-emitting device and the manufacturing 
method of the device. 

SOLUTION: A flip-chip light-emitting element 1 conductively mounted on a 
submount element 2 is provided, the periphery of the element 1 is covered 
with a first resin 16 containing a fluorescent material for making a 
wavelength conversion of light from this element 1 using the element 2 as a 
sauc r, either of the main light- extraction surface of the upper surface of a 
transparent substrate 1a of the element 1 and the shell surface (top panel) 
of the resin 16 or both of the main light-extraction- surface and the shell 
surface (top panel) is or are provided in parallel to the rear electrode 
formation surface of the element 2, the film thickness of the resin 16 on the 
main light-extraction surface is uniformly formed, and light from the entire 
main light-extraction surface of the element 1 is evenly made a wavelength 
conversion to enable an emission having not a color shading. 




LEGAL STATUS 

[Date of request for examination] 07.04.2000 
[Dat of sending the examiners decision of rejection] 
[Kind of final disposal of application other than the 

xaminer's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 3399440 
[Date of registration] 21 .02.2003 

[Number of appeal against examiner's decision of rejection] 
[Dat of requesting appeal against examiner's decision of 
r j ction] 

[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Pat nt Offic 



http://www1 9.ipdl.jpo.gojp/PA1 /result/detail/main/wAAAt JaWphDA41 301 581 7P1 .htm 



03/09/01 



1/2 ^— v 



* NOTICES * 
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CLAIMS 

[Claim(s)~] 

[Claim 1] The light emitting device by which n electrode and p electrode linked to a n-type-semiconductor layer and a p 
type semiconductor layer were formed in the undersurface while having carried out the laminating of a n-type- 
s miconductor layer and the p type semiconductor layer on the light-transmission nature substrate, turning the 
aforementioned light-transmission nature substrate to the upper surface and making this into the main light ejection side. It 
is the sub mounting element through which one electrode has a bonding pad field among the above 1st and the 2nd 
count r lectrode, and the electrode of another side has flowed in the aforementioned rear-face electrode while carrying 
the afor mentioned semiconductor light emitting device, having a rear-face electrode in a field opposite to the 1 st and 2nd 
count r lectrodes on it and the field which counters and the above 1st and the 2nd counterelectrode carrying out flow 
junction through the micro bump at the aforementioned n electrode and p electrode, respectively. The 1st resin containing 
th fluorescent substance which changes the luminescence wavelength of the aforementioned light emitting device into 
oth r wavelength, or the filter matter which absorbs a part of luminescence wavelength of the aforementioned light emitting 
d vie . It is the compound light emitting device equipped with the above, and both the 1st both [ either or ] of an outlin 
side (top panel) of the above which were applied on the main light ejection side (top panel of a light-transmission nature 
substrat ) of the aforementioned light emitting device and this field is characterized by being almost parallel to the rear- 
face lectrode forming face of the aforementioned sub mounting element used as a saucer. 
[Claim 2] It is the compound light emitting device characterized by the 1st resin of the above containing the 
aforem ntioned fluorescent substance at 50 - 90% of the weight of a rate to the resin of light-transmission nature in a 
compound light emitting device according to claim 1. 

[Claim 3] The compound light emitting device characterized by thickness t of the 1st resin of the above on the main light 
ejection side of the aforementioned light emitting device being almost fixed, and the range of it being 20 micrometer<=t 
<=1 lOmtcrometer in a compound light emitting device according to claim 2. 

[Claim 4] The compound light emitting device characterized by the thickness from the main light ejection side and the sid 
of the aforementioned light emitting device of the 1 st resin of the above being almost uniform, and the range of the 
thickness t being 20 micrometer<=t <=1 10micrometer in a compound light emitting device according to claim 2. 
[Claim 5] In a compound light emitting device according to claim 1, 2, 3, or 4 the aforementioned light emitting device It is 
th GaN system compound semiconductor light emitting device which has the GaN system compound semiconductor layer 
formed on the substrate of light-transmission nature, and this substrate, the aforementioned sub mounting element Th 
compound light emitting device characterized by being Si diode of the horizontal type in which the 2nd counterelectrod 
which carries out an ohmic contact at the 1st counterelectrode and p type semiconductor layer which carry out an ohmic 
contact to a n-type-semiconductor layer and it near [ one ] a field, and it was formed. 

[Claim 6] In a compound light emitting device according to claim 1, 2 t 3, or 4 the aforementioned light emitting device It is 
th GaN system compound semiconductor light emitting device which has the GaN system compound semiconductor layer 
formed on the substrate of light-transmission nature, and this substrate. The compound light emitting device characterized 
by th aforementioned sub mounting element being an auxiliary element of Conductivity Si formed so that one side may b 
in an insulating state to the front face of a conductive substrate among the 1 st counterelectrode and the 2nd 
count relectrode and another side might be in switch-on. 

[Claim 7] Are luminescence equipment using the compound light emitting device given in claims 1-6, and turn the rear-fac 
el ctrode of the sub mounting element of the aforementioned compound light emitting device in a leadframe or the 
mounting section of a printed-circuit board down, and it carries through a conductive paste. Luminescence equipment 
charact rized by closing the point of the aforementioned leadframe which connects the bonding pad field of the 
afor m ntioned sub mounting element, and an external lead through a wire, and contains the aforementioned compound 
light mitting device, or the upper surface of a printed-circuit board by the 2nd resin of light-transmission nature. 
[Claim 8] The manufacture method of the luminescence equipment according to claim 7 characterized by providing the 
following. The process which forms a micro bump on n electrode of the aforementioned light emitting device and p electr d 
or th 1st counterelectrode of the aforementioned sub mounting element, and the 2nd counterelectrode. The process which 
connects electrically inter-electrode [ which the aforementioned light emitting device and the aforementioned sub mounting 
el m nt counter ] through the aforementioned micro bump. The process which applies the 1st resin of the above by using 
the aforementioned sub mounting el m nt as a saucer so that the afor m ntion d light emitting devic may be covered. 
[Claim 9] Th manufactur m thod of th Juminesc nc equipment according to claim 8 charact rized by providing th 
following. Th process which forms a stud bump as the afor mention d micro bump on p el ctrode of th aforem ntion d 
light mitting device and n electrod or the 1 st count r I ctrode fth afor m ntioned sub mounting I ment, and th 2nd 
count r I ctrode. Th process which connects lectrically through the afor m ntion d micro bump in inter- I ctrode 
[ which counters ] while place th aforemention d sub mounting element of a waf r stat downward, turn an I ctr d 
forming fac for the aforemention d light emitting d vice down, and alignm nt carri s out on the 1st counter I ctr de 
which the afor mention d sub mounting lem nt count rs in n I ctrod and p lectrode of th aforementioned light 
emitting devic , and the 2nd count relectrod f and contact the afor mention d micro bump, weld and fixing th 
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aforem nti on d light emitting device n the aforemention d sub mounting lament Th proc ss which appli s and I hard ns 
the 1st resin of th abov by using th sub mounting lementofth aforemention d waf r stat as a sauc r so that th 
aforem ntioned light mrtting devic may b covered Th proc ss which divides th af or m ntion d wafer with which th 
'compound light emitting devic ofth aforementi n d light emitting device and th af rem ntion d sub mounting lement 
cover d with th 1str sin ofth abov was formed p r chip, The process fixed whil the rear-fac electrode of th 
aforementioned sub mounting el m nt is turn d down, th chip-ized afor mention d compound light mittmg device is 
carried at the mounting s ctions. such as a leadframe or a print d-circuit board, and lectrical installation is taken through 
a conductiv past . The process which connects betw en the I ad sections, such as a bonding pad fi Id of the 
aforementioned sub mounting I m nt, th aforementioned leadframe, or a print d-circuit board, with a wir . 
[Claim 10] The manufacture method of luminesc nc quipm nt quipp d with the polish process for making parall I both 
th main light ejection side of th aforem ntioned light emitting device, and outline both [ ith r or ] of th 1st r sin of th 
above (top panel) which were applied on it with the rear-face electrode forming face of the aforementioned sub mounting 

| ment in the manufacture method of luminescence equipment according to claim 8. 
[Claim 11] The manufacture method of the luminescence equipment according to claim 10 characterized by providing th 
following The process which forms a stud bump as the aforementioned micro bump on n electrode of the aforemention d 
light emitting device and p electrode, or the 1st counterelectrode of the aforementioned sub mounting element of a waf r 
state and the 2nd counterelectrode. The process which connects electrically through the aforementioned micro bump in 
inter- lectrode [ which counters ] while place the aforementioned sub mounting element of a wafer state downward, turn an 

I ctrode forming face for the aforementioned light emitting device down, and alignment carries out on the 1 st 
counterelectrode which the aforementioned sub mounting element counters in n electrode and p electrode of the 
aforementioned light emitting device, and the 2nd counterelectrode. and contact the aforementioned micro bump, weld and 
fixing the aforementioned light emitting device on the aforementioned sub mounting element The process ground so that 
th main light ejection side of the aforementioned light emitting device carried on the sub mounting element of the 
aforementioned wafer state may be parallel mostly with the rear-face electrode forming face of the aforementioned sub 
mounting element The process which applies and hardens the 1st resin of the above by using the sub mounting elem nt f 
the aforementioned wafer state as a saucer so that the aforementioned light emitting device may be covered, The process 
ground so that the outline side on the aforementioned main light ejection side of the 1st resin of the above formed on th 
sub mounting element of the aforementioned wafer state (top panel) may be parallel mostly with the rear-face electrode 
forming face of the aforementioned sub mounting element, The process which divides the aforementioned wafer with which 
the compound light emitting device of the aforementioned light emitting device and the aforementioned sub mounting 

lement covered with the 1st resin of the above was formed per chip. The process fixed while the rear-face electrode of 
the aforementioned sub mounting element is turned down, the chip-ized aforementioned compound light emitting device is 
carried at the mounting sections, such as a leadframe or a printed-circuit board, and electrical installation is taken through 
a conductive paste. The process which connects between the lead sections, such as a bonding pad field of the 
aforementioned sub mounting element, the aforementioned leadframe. or a printed-circuit board, with a wire. 
[Claim 12] The manufacture method of the luminescence equipment equipped only with either between the two 
aforementioned polish processes in the manufacture method of luminescence equipment according to claim 11. 
[Claim 13] It is the manufacture method of the luminescence equipment characterized by forming the aforementioned micro 
bump of a plating process in the manufacture method of luminescence equipment according to claim 9. 11. or 12. 



[Translation done.] 



.../tranj/veb_cgLejje?u=h^^ x03/09/01 



» 

* NOTICES * 



1/9 



'Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has b n translat d by comput r. So the translation may not refl ct th original pr cis ly. 
2.**** shows the word which can n t be translated. 
3.1n the drawings, any words ar not translat d. 



DETAILED DESCRIPTION 

[D tail d Description of the Invention] 
[0001] 

[The t chnical field to which invention belongs] this invention relates to the compound light emitting device which has a 
resin containing the filter matter which absorbs a part of fluorescent substance which changes into other wavelength th 
lumin scence wavelength of light emitting devices which consist of semiconductor films formed on the light-transmission 
nature substrate, such as light emitting diode and luminescence laser diode, and this light emitting device, or luminesc nc 
wav length, luminescence equipment, and its manufacture method. 
[0002] 

[Description of the Prior Art] The technology which carries out wavelength conversion of the luminescence wavelength 
using a fluorescent substance is considerably known from before. For example, a fluorescent substance is applied to th 
int rnal surface of the glass of a neon tube, and what changed orange luminescence into green light the thing which mixes 
a fluor scent substance in a mould resin by the light emitting diode (it is hereafter described as Light Emitting Diode) f 
infrared light luminescence of GaAs, and changes infrared light into green light are known well. Recently, the white Light 
Emitting Diode lamp which uses a fluorescent substance for the GaN system compound semiconductor light emitting devic 
(it is h reafter described as a GaN-Light Emitting Diode element) of blue luminescence, and is made to emit light white is 
produced commercially. Drawing 12 (a) and (b) are the plan of the GaN-Light Emitting Diode element currently used for th 
white Light Emitting Diode lamp, and a C-C line cross section. Drawing 13 is the cross section of the conventional whit 
Light Emitting Diode lamp currently produced commercially. This GaN-Light Emitting Diode element 60 has the quantum 
well structure where the laminating of the GaN buffer layer 62, the n type GaN layer 63, the n type AIGaN layer 64, th 
SQW lay r 65 of InGaN and the p type AIGaN layer 66, and the p type GaN layer 67 was carried out to order on the upp r 
surfac of silicon on sapphire 61. On the upper surface of the n [ in / the lower-berth section / it is formed stair-like and ] 
typ GaN layer 63 which the upper surface of the n type GaN layer 63 becomes from the lower-berth section and the 
upp r case section, the n electrode 68 which consists of Ti and Au is formed. Moreover, the laminating of the above- 
mentioned n type AIGaN layer 64, the SQW layer 65 of InGaN, the p type AIGaN layer 66, and the p type GaN layer 67 is 
carried out to order on the upper surface of the n type GaN layer 63 in the upper case section. And the transparent 
electrode 69 for current diffusion which consists of nickel and Au is formed in the upper surface of the p type GaN lay r 
67, and the p electrode 70 is further formed on it Except for the portion of a bonding pad, the overcoat of the upper 
surface of the GaN-Light Emitting Diode element 60 whole is carried out by the protective coat 71. Since this GaN-Light 
Emitting Diode element 60 is constituted using insulating silicon on sapphire 61, both two electrodes are formed in the 
upper surface side of silicon on sapphire 61. And dice bond of this GaN-Light Emitting Diode element 60 is carried out to 
the die pad at the nose of cam of leadframe 80a through the insulating adhesives 81. The n electrode 68 of the GaN-Light 
Emitting Diode element 60 is connected to leadframe 80a through Au wire 82a, and the p electrode 70 is connected to 
leadfram 80b through Au wire 82b. And inside light reflex cup 80c, it filled up with the 1st resin 83. the GaN-Light Emitting 
Diode element 60 is covered, and the fluorescent substance 84 which changes the luminescence wavelength of the GaN- 
Light Emitting Diode element 60 into other wavelength contains to the 1st resin 83. And the mould of the part for the point 
of th leadframes 80a and 80b which carry the GaN-Light Emitting Diode element 60 is carried out by the 2nd resin (epoxy 
resin) 85 of a translucency. and the white Light Emitting Diode lamp is constituted. 

[0003] Moreover, in the case of the white chip Light Emitting Diode (not shown), the GaN-Light Emitting Diode element 60 
was carried in the mounting section in the vessel of a case instead of the reflective cup, and it has filled up the vessel of a 
case with the 1st resin 83. 

[0004] The principle in which this white Light Emitting Diode lamp or white chip Light Emitting Diode emits light white By 
distributing the fluorescent substance 84 which changes into the light (yellow-green light) of the wavelength in the relation 
between blue and the complementary color the light of the blue wavelength which the GaN-Light Emitting Diode element 60 
emits in the 1st resin 83 with which the interior of the vessel of light reflex cup 80c or a case was filled up Since the light 
which penetrated the 1st resin 83 with blue wavelength, and the light changed into yellowish green with the fluorescent 
substanc 84 are mixed, it is visible to the white light. 
[0005] 

[Problem(s) to be Solved by the Invention] However, a white Light Emitting Diode lamp and the white chip Light Emitting 
Diode as shown in drawing 13 have the following technical problems. 

[0006] Since the structure of covering th GaN-Light Emitting Diode element 60 with this 1st resin 83 by making the 
interior of the vess I of light refl x cup 80c or a cas filling up with th 1st resin 83 which contain d [ 1st ] the fluor scent 
substance 84 is taken, it is th t chnical problem cannot be adapt d for a form without the vessel of light reflex cup 80c r 
a cas . 

[0007] Controlling th variation in th concentration of the fluor scent substanc contained in the fill of a resin r a resin 
by th method of filling up th 2nd with the 1st r sin 83 in th v ssel of such light r fl x cup 80c or a cas is the t chnical 
probl m that become difficult cons quently th variation in a whit chromaticity becom s large, and th production yi Id of 
the chromaticity demanded falls. 

[0008] The GaN-Light Emitting Diode lement 60 currently used for th 3rd by th aforementioned whit Light Emitting 
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Diode lamp and th whit chip Light Emitting Di de is the sam as th lement currently used for the GaN syst m blue 
Light Emitting Diode lamp, it originat s in th physical constant (f r xample, th di lectric constant epsilon) and I ment 
.structur of I ment mat rial, and th w ak point of b ing very weak is in static electricity. For xample. wh n opposing 
this whit Light Emitting Diod lamp and th capacitor by which static lectricity was charged and producing lectric 
discharg among both, it is th static voltag of about 100 V in th forward dir ction. and is d stroy d by the static voltag 
of about 30 V in an opposite direction. This value is a very small value as compar d with the Light Emitting Diode I ment 
which consists of oth r bulk c mpound semiconductors (GaP, GaAIAs. tc). Therefor . when a Light Emitting Diod lamp is 
dealt with without performing protection proc ssing to which static el ctricity is not impressed from th xt rior. it is th 
t chnica! problem that the int rnal GaN-Light Emitting Diode el ment 60 will be d stroy d immediately. 
[0009] Th 3rd technical probl m among [ 1st ] th afor m ntioned t chnical probl ms was already proposed by this 
inv ntion person in the Japanese-Patent-Application-No. No. 192135 [ 09 to ] official r port. It is the structure is made in 
this invention in order to solve the 2nd technical problem, and it becomes possible for the 1st resin which the purpose do s 
not concern and have in the existence of a light reflex cup or the vessel of a case, and contained the fluorescent substanc 
to cov r around a GaN-Light Emitting Diode element and white chromaticity control is possible and it is in offering th 
luminesc nee equipments using the compound light emitting device and it to which variation of production yield can also 
improve small, and those manufacture methods. 
[0010] 

[M ans for Solving the Problem] The means about the compound light emitting device of this invention devised in order to 
attain th above-mentioned purpose While carrying out the laminating of a n-type-semiconductor layer and the p type 
semiconductor layer on a light-transmission nature substrate, turning the aforementioned light-transmission nature 
substrat to the upper surface and making this into the main light ejection side The light emitting device by which n 
electrode and p electrode linked to a n-type-semiconductor layer and a p type semiconductor layer were formed in th 
undsrsurface. Carry the aforementioned semiconductor light emitting device and it has a rear-face electrode in a field 
opposite to the 1st and 2nd counterelectrodes on it and the field which counters. While the above 1st and the 2nd 
count relectrode are carrying out flow junction through the micro bump at the aforementioned n electrode and p electrod . 
r spectively The sub mounting element through which one electrode has a bonding pad field among the above 1st and th 
2nd counterelectrode, and the electrode of another side has flowed in the aforementioned rear-face electrode. While having 
the 1st r sin containing the fluorescent substance which changes the luminescence wavelength of the aforementioned light 
emitting device into other wavelength, or the filter matter which absorbs a part of luminescence wavelength of the 
aforementioned light emitting device In the compound light emitting device applied so that the 1st resin of the above may 
cover th aforementioned light emitting device arranged on the aforementioned sub mounting element by using the 
aforementioned sub mounting element as a saucer Both the 1st both [ either or ] of an outline side (top panel) of the abov 
which w re applied on the main light ejection side (top panel of a light-transmission nature substrate) of the 
aforementioned light emitting device and this field is making it be parallel mostly with the rear^ace electrode forming fac 
of the aforementioned sub mounting element used as a saucer. 

[001 1] Since it is most greatly dependent on the thickness of the 1 st resin containing the fluorescent substance on th 
main light ejection side (top panel of a light-transmission nature substrate) of a light emitting device, a white chromaticity 
should just control the thickness with a sufficient precision. For that purpose, it is a good method to use the rear-face 
electrod forming face of a sub mounting element as datum level, and to control by thickness from this field. That is, in 
precision, the thickness of the 1st resin will become good uniformly, and the variation in a chromaticity will become th 
minimum, if the main light ejection side of a light emitting device and the top panel of the outline side of the 1st resin n it 
b come parallel to datum level. Thereby, the purpose can be attained. 

[0012] Moreover, the process at which the means about the manufacture method of this invention forms a micro bump on n 
electrode of the aforementioned light emitting device and p electrode or the 1 st counterelectrode of the aforemention d 
sub mounting element, and the 2nd counterelectrode. The process which connects electrically inter-electrode [ which th 
aforementioned light emitting device and the aforementioned sub mounting element counter ] through the aforementioned 
micro bump, By being the manufacture method equipped with the process which applies the 1st resin of the above so that 
the aforementioned light emitting device may be covered, and carrying out height control to the flip chip junction meth d f 
construction using the micro bump by using the aforementioned sub mounting element as a saucer Moreover, by using 
scr en printing for the application method of construction of the 1st resin It is possible to make parallel mostly both the 1st 
both [ either or ] of an outline side (top panel) of the above which were applied to the rear-face electrode forming face f 
the sub mounting element which is datum level on the main light ejection side (top panel of a light-transmission nature 
substrate) of the aforementioned light emitting device and this field. Furthermore, what is necessary is just to add th 
polish process for making parallel both the main light ejection side of the aforementioned light emitting device, and outlin 
both [ either or ] of the 1 st resin of the above (top panel) which were covered on it with the rear-face electrode forming 
fac of the aforementioned sub mounting element, in order to control with a sufficient precision. 
[0013] 

[Embodiments of the Invention] While invention according to claim 1 carries out the laminating of a n-type-semiconductor 
lay r and the p type semiconductor layer on a light— transmission nature substrate, turns the aforementioned light- 
transmission nature substrate to the upper surface and makes this the main light ejection side The light emitting devic by 
which n I ctrode and p electrod linked to a n-typ -semic nductor lay r and a p type semiconductor layer wer formed in 
the inf rior surfac of tongue, Carry th afor mention d semiconductor light emitting d vice and it has a r ar-face 
electrode in a field opposite to the 1 st and 2nd counterelectrodes on it and th field which counters. Whil th ab v 1 st 
and the 2nd counterelectrode are carrying out flow junction thr ugh th micro bump at th afor m ntioned n electr de and 
p electrode, resp ctiv ly Th sub mounting I ment through which one I ctrod has a bonding pad fi Id among th above 
1 st and th 2nd counter lectrod . and th el ctr de of another side has fl wed in th aforem ntioned r ar-fac lectrod , 
Whil having th 1st resin containing the fluoresc nt substanc which chang s the lumin sconce wavelength of th 
aforementioned light mitting d vie into oth r wavelength, or th filt r matter which absorbs a part of lumin scene 
wavelength of the aforemention d light emitting d vie In the c mpound light mitting d vie applied so that the 1st resin 
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of the above may cov r the aforementioned light mitting device arranged n the afor m ntioned sub mounting I m nt by 
using th aforemention d sub mounting I ment as a sauc r B th th 1st b th [ either or ] of an outlin sid (top panel) f 
{he above which w r appli d on th main light jection sid (top panel of a light-transmission natur substrat ) of the 
afor mentioned light mitting devic and this fi Id is th compound light mitting d vie characterized by being almost 
parallel to th rear-face I ctrod forming face of the afor mentioned sub m unting I m nt us d as a saucer. 
[0014] Ther by, sine it dep nds for a whit chromaticity n th thickness of th 1st r sin containing the fluorescent 
substance on th main light j ction sid (top panel of a light-transmission natur substrat ) of a light emitting d vice 
greatly, in order to control the thickn ss with a sufficient precision, it is a good m thod to us th rear-face el ctrode 
forming face of a sub mounting lament as datum level, and to control by thickness from this fi Id. And in order to make 
variation in a chromaticity into th minimum, th main light ejection side of a light emitting d vice and th outline side f 
th 1st r sin on it should just becom parallel to datum I v I. That is. th r is op ration that the thickn ss of the 1st r sin 
becomes good uniformly in precision. 

[0015] Invention according to claim 2 is a compound light emitting device characterized by the 1st resin of the above 
containing the aforementioned fluorescent substance at 50 - 90% of the weight of a rate to the resin of light-transmission 
natur in a compound light emitting device according to claim 1. 

[0016] While the content of the fluorescent substance for this realizing a white chromaticity is optimized, screen-stencil 
also has operation of becoming possible. 

[0017] Invention according to claim 3 has almost fixed thickness t of the 1st resin of the above on the main light ejection 
sid of the aforementioned light emitting device in a compound light emitting device according to claim 2, and it is the 
compound light emitting device characterized by being the range of 20 micrometer<=t <=1 lOmicrometer. 
[0018] There is operation that the thickness of the 1st resin on the main light ejection side of the light emitting device 
which realizes a white chromaticity by this is optimized. 

[0019] Invention according to claim 4 has the almost uniform thickness from the main light ejection side and the side of the 
aforementioned light emitting device of the 1st resin of the above in a compound light emitting device according to claim 2. 
and the thickness t is the compound light emitting device characterized by being the range of 20 micrometer<=t 
<=1 lOmicrometer. 

[0020] Since this optimizes the thickness of thirst resin from the outline side of a light emitting device not only including 
the main light ejection side (top panel) top of a light emitting device but its side, there is operation that good white 
luminescence without color nonuniformity is obtained. 

[0021] Invention according to claim 5 is set to a compound light emitting device according to claim 1, 2, 3. or 4. the 
aforementioned light emitting device It is the GaN system compound semiconductor light emitting device which has the GaN 
system compound semiconductor layer formed on the substrate of light-transmission nature, and this substrate, the 
aforementioned sub mounting element It is the compound light emitting device characterized by being Si diode of the 
horizontal type in which the 2nd counterelectrode which carries out an ohmic contact at the 1st counterelectrode and p 
typ semiconductor layer which carry out an ohmic contact to a n-type-semiconductor layer and it near [ one ] a field, and 
it was formed. 

[0022] Since Si diode element as an underlay of a GaN-Light Emitting Diode element serves as a saucer of the 1st resin 
containing a fluorescent substance or the filter matter by this While becoming the structure which can apply the 1st resin 
regardless of the existence of a light reflex cup or the vessel of a case so that a GaN-Light Emitting Diode element may be 
covered Although the GaN-Light Emitting Diode element using the silicon on sapphire of light-transmission nature is an 
element weak to static electricity, there is operation that the tolerant high compound light emitting device to the static 
electricity destruction is obtained. Moreover, there is operation that it becomes easy to form the portion which performs 
electrical installation of the portion and external member which perform electrical installation with a light emitting device, by 
considering as Si diode element of a horizontal type. 

[0023] Invention according to claim 6 is set to a compound light emitting device according to claim 1, 2, 3, or 4. It is th 
GaN syst m compound semiconductor light emitting device in which the aforementioned light emitting device has the GaN 
system compound semiconductor layer formed on the substrate of light-transmission nature, and this substrate. It is the 
compound light emitting device characterized by the aforementioned sub mounting element being an auxiliary element of 
Conductivity Si formed so that one side may be in an insulating state to the front face of a conductive substrate among th 
1st count relectrode and the 2nd counterelectrode and another side might be in switch-on. 

[0024] In the case of the GaN-Light Emitting Diode element using the SiC substrate of light-transmission nature, ther is 
the sam operation as a claim 5 by not using Si diode element, since it is strong to static electricity, and using the above- 
mentioned sub mounting element of Conductivity Si. 

[0025] Invention according to claim 7 is luminescence equipment which used the compound light emitting device of a 
publication for claims 1-6. Turn the reaM'ace electrode of the sub mounting element of the aforementioned compound light 
emitting device in a leadframe or the mounting section of a printed-circuit board down, and it carries through a conductive 
paste. It is luminescence equipment characterized by closing the point of the aforementioned leadframe which connects th 
bonding pad field of the aforementioned sub mounting element, and an external lead through a wire, and contains the 
aforem ntioned compound light emitting device, or the upper surface of a printed-circuit board by the 2nd resin of light- 
transmission nature. 

[0026] Th r is p ration that ar concerned, there is nothing to th xist nc of a refl ctiv cup or the vessel of a case, 
it is strong to static lectricity, and th lumin scene quipm nt of whit luminescence of th variation in a chromaticity 
various typ [ f w ] can be realiz d by this. 

[0027] Th proc ss which inv nti n according to claim 8 is the manufactur meth d f lumin scene quipment ace rding 
to claim 7. and forms a micro bump on n electrode of the afor m ntion d light emitting device and p el ctrod or the 1st 
counterelectrode of the aforemention d sub m unting elem nt, and th 2nd counter 1 ctrod , It is th manufacture method 
of luminescence quipm nt equipped with th process which conn cts I ctrically inter-el ctrod [ which th 
afor mentioned light mitting devic and the afor mention d sub mounting I m nt count r ] through th af rem ntion d 
micro bump, and the process which applies the 1st r sin f th abov by using the afor mentioned sub mounting I m nt as 
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a saucer so that th aforementioned light mitting devic may b cov red. 

[0028] Since it is possibl f r this to equip th flip chip junction m thod of construction using th micro bump with a h ight 
control function and it is also possibl to us sere n printing for th application m thod of construction of the 1st r sin, 
Th re is operation of b coming possibl to make parall I mostly b th th 1st both [ ither or ] of an outlin sid (top panel) 
of the above which wer appli d to the r ar-face I ctrod f rming face of the sub mounting I m nt which is datum level 
on th main light ej ction side (top panel of a light-transmission nature substrate) of th aforementioned light mitting 

devic and this field. , • _ 

[0029] Inv ntion according to claim 9 is s t to th manufactur m thod of luminescence quipment according to claim 8. 
Th process which forms a stud bump as the afor mentioned micro bump on p I ctrode of the aforem ntioned light 

mitting d vice and n el ctrode or the 1st count r I ctrod of the aforem ntion d sub mounting element, and th 2nd 
count r lectrod . Plac the aforementioned sub mounting I ment of a wafer stat downward, and an lectrod forming 
face is turned for the aforementioned light emitting device down. Alignment is carried out on the 1st counterelectrode 
which the aforementioned sub mounting element counters in n electrode and p electrode of the aforementioned light 
emitting device, and the 2nd counterelectrode. While contacting the aforementioned micro bump, welding and fixing th 
aforementioned light emitting device on the aforementioned sub mounting element The process which connects inter- 
electrod [ which counters ] electrically through the aforementioned micro bump. The process which applies and hard ns 
the 1st resin of the above by using the sub mounting element of the aforementioned wafer state as a saucer so that th 
aforementioned light emitting device may be covered. The process which divides the aforementioned wafer with which the 
compound light emitting device of the aforementioned light emitting device and the aforementioned sub mounting elem nt 
covered with the 1st resin of the above was formed per chip. The process fixed while the rear-face electrode of the 
aforementioned sub mounting element is turned down, the chip-ized aforementioned compound light emitting device is 
carried at the mounting sections, such as a leadframe or a printed-circuit board, and electrical installation is taken through 
a conductive paste. It is the manufacture method of luminescence equipment equipped with the process which connects 
b tween the lead sections, such as a bonding pad field of the aforementioned sub mounting element, the aforemention d 
I adfram , or a printed-circuit board, with a wire. 

[0030] Thereby, since the sub mounting element as a saucer can be dealt with in the configuration of a wafer, in the 
application process of the 1st resin, it can carry out per wafer by the method of the screen-stencil in which patterning is 
possibl , and there is operation that the efficient manufacture method is realizable with the chromaticity of an aim with th 
high degree of accuracy of the few luminescence equipment of variation. Invention according to claim 10 is the manufacture 
m thod of luminescence equipment equipped with the polish process for making parallel both the main light ejection side f 
th afor mentioned light emitting device, and outline both [ either or ] of the 1 st resin of the above (top panel) which wer 
applied on it with the rear-face electrode forming face of the aforementioned sub mounting element in the manufactur 
m thod of luminescence equipment according to claim 8. 

[0031] Thereby, at the polish process which used the rear-face electrode forming face of a sub mounting element as datum 
lev I, since the design thickness of the 1st resin on the main light ejection side of a light emitting device can be controlled 
with a still more sufficient precision, there is operation that the white of a chromaticity to wish can be manufactured with 
th sufficient yield. 

[0032] Invention according to claim 1 1 is set to the manufacture method of luminescence equipment according to claim 10. 
The process which forms a stud bump as the aforementioned micro bump on n electrode of the aforementioned light 
emitting device and p electrode, or the 1st counterelectrode of the aforementioned sub mounting element of a wafer state, 
and the 2nd counterelectrode. Place the aforementioned sub mounting element of a wafer state downward, and an 

lectrode forming face is turned for the aforementioned light emitting device down. Alignment is carried out on the 1st 
counter lectrode which the aforementioned sub mounting element counters in n electrode and p electrode of the 
aforementioned light emitting device, and the 2nd counterelectrode. While contacting the aforementioned micro bump, 
welding and fixing the aforementioned light emitting device on the aforementioned sub mounting element The process which 
connects inter-electrode [ which counters ] electrically through the aforementioned micro bump. The process ground so 
that the main light ejection side of the aforementioned light emitting device carried on the sub mounting element of th 
afor mentioned wafer state may be parallel mostly with the rear-face electrode forming face of the aforementioned sub 
mounting element, The process which applies and hardens the 1 st resin of the above by using the sub mounting element f 
the afor mentioned wafer state as a saucer so that the aforementioned light emitting device may be covered. The pr c ss 
ground so that the outline side on the aforementioned main light ejection side of the 1st resin of the above formed on th 
sub mounting element of the aforementioned wafer state (top panel) may be parallel mostly with the rear-face electrod 
forming face of the aforementioned sub mounting element, The process which divides the aforementioned wafer with which 
the compound light emitting device of the aforementioned light emitting device and the aforementioned sub mounting 
element covered with the 1st resin of the above was formed per chip, The process fixed while the rear-face electrode of 
the afor mentioned sub mounting element is turned down, the chip-ized aforementioned compound light emitting devic is 
carried at the mounting sections, such as a leadframe or a printed-circuit board, and electrical installation is taken thr ugh 
a conductive paste, It is the manufacture method of luminescence equipment equipped with the process which connects 
betwe n the lead sections, such as a bonding pad field of the aforementioned sub mounting element, the aforemention d 
leadframe, or a printed-circuit board, with a wire. 

[0033] Aft r carrying out loading junction, in rder to turn a light mitting d vice on a waf Hike sub mounting I ment. to 
turn an lectrod forming face down, and to arrang th variation in th inclination of th main light j ction side of a light 
mitting devic , or the h ight for every chip by this Use th rear-face lectrode forming fac of a waf r-lik sub mounting 
lement as datum I v I. grind to it and parallel, and furth r. aft r applying the 1st resin so that a light mitting device may 
b covered, in order to arrang the outlin sid of the 1st resin Since th 1st resin can be finish d by performing sam 
polish so that it may b cov r d with th thickn ss which he wish s unif rmly on a light mitting d vie all over a wafer, 
ther is operation that th whit of a chromaticity to wish can be manufactured with th sufficient yi Id. 
[0034] Invention according to claim 12 is the manufactur m thod of th lumin sc nc quipment quipped only with ither 
between the two afor m ntioned polish process s in th manufacture method of luminesc nc equipment according t 
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claim 11. 

[0035] Ther is peration that th whit of a chromaticity which th applicati n proc ss of the 1 st resin only of polish of 
in 1st resin is screen-stencil when th variation and th inclination of h ight f a light mitting device which ar carried 
on a wafer-lik sub mounting I ment can control by th chip junction bonder in capacity rating by this, and he wishes only 
by the polish after chip junction wh n the outiin sid after an application can be contr II d can b manufactured with the 
suffici nt yield. How ver, th fi Id which serves as crit ria of control by both cas s is a r ar-face lectrod forming face of 
a wafer-like sub mounting element 

[0036] Invention according to claim 13 is the manufacture m thod by which the afor mentioned micro bump is form d of a 

plating proc ss in the manufacture m thod of luminesc nc quipment according to claim 9, 11, or 12. 

[0037] Th re is operation that the position precision by which a bird clapper and a micro bump are formed in y a possibl 

hatch t for a micro bump's minor diam t r-izati n as it is possibl , a miniaturization, i. I w-cost-izing, of a light mitting 

d vice, is very good as compared with a stud bump, and the assembly yield improves by this. 

[0038] Hereafter, the gestalt of operation of this invention is explained using a drawing. 

[0039] (Gestalt 1 of operation) (a) of drawing 1 and (b) are the cross sections and plans of a compound light emitting devic 
by the gestalt of 1 operation of this invention, the feature of the gestalt of this operation be the point that both outline 
sid s ( top panel ) of the 1st resin containing the fluorescent substance which change into the light of the complementary 
color th blue light applied on the main light ejection side ( top panel of a light transmission nature substrate ) of the GaN- 
Light Emitting Diode element 1 of blue luminescence and this field to the rear face electrode forming face of Si diode 
el ment which be datum level be parallel mostly except for the edge section of this outline side . Moreover, the point by 
which loading junction is carried out through the micro bump on Si diode element 2 to which the weak GaN-Light Emitting 
Diode element 1 of blue luminescence has an electrostatic-protection function in an overvoltage. The point applied so that 
th 1st resin 16 containing the fluorescent substance which changes the luminescence wavelength of the GaN-Light 
Emitting Diode element 1 into other wavelength may cover the GaN-Light Emitting Diode element 1 by using Si diode 

I ment 2 as a saucer is the same as the already proposed Japanese-Patent-Application-No. No. 1 921 35 [ 09 to ] official 
report. 

[0040] As shown in (a) of drawing 1 , the GaN-Light Emitting Diode element 1 is carried in the state of lapping, on Si diod 
elem nt 2, and while the GaN-Light Emitting Diode element 1 turns silicon-on-sapphire 1a of a translucency to the upp r 
surfac and makes this the main light ejection side, the n electrode 6 linked to the p electrode 5 and n-type-semiconduct r 
layer linked to a p type semiconductor layer is formed in the inferior surface of tongue. Moreover, Si diode element 2 has 
th n electrode 8 which is the 2nd counterelectrode linked to the p electrode 7 and n-type-se mi conductor field 2a which 
ar th 1st counterelectrode which connects with p type semiconductor field 2b at the upper surface side which count rs 
with the GaN-Light Emitting Diode element 1, and the rear-face electrode 9 which connects at n-type-semiconductor field 
2a is formed in the inferior surface of tongue. The p electrode 7 and the n electrode 8 of Si diode element 2 It is form d by 
th arrangement which counters the n electrode 6 and the p electrode 5 of the GaN-Light Emitting Diode element 1, and 
th p lectrode 5 of the GaN-Light Emitting Diode element 1 and the n electrode 8 of Si diode element 2 mind the Au 
micro bump 12. The n electrode 6 of the GaN-Light Emitting Diode element 1 and the p electrode 7 of Si diode element 2 
are being fixed by welding with an electrode and a micro bump while connecting electrically through the Au micro bump 11, 
respectively. Furthermore the bonding pad section 10 is formed in the part on the p electrode 7, and it has structure 
connected to an external member in the rear-face electrode 9 and the bonding pad section 10. Moreover, by using Si diode 
I ment 2 as a saucer, the 1 st resin 1 6 containing the fluorescent substance which changes the blue glow of the GaN-Light 
Emitting Diode element 1 into the yellowish green light of the complementary color is applied so that the GaN-Light 
Emitting Diode element 1 may be covered. The method of an application has the optimal screen-stencil in which patterning 
is possible. In addition to it, it is possible also by the method of potting by the dispenser. 

[0041] By making it such composition, regardless of the configuration of the wiring substrate of a leadframe or a case us d 
for a Light Emitting Diode lamp or Chip Light Emitting Diode, it is got blocked and the luminescence equipment which 
appli d the 1st resin 16 containing a fluorescent substance so that the GaN-Light Emitting Diode element 1 might be 
covered can be realized regardless of the existence of a reflective cup or the vessel of a case. 

[0042] With the aforementioned composition, by choosing the blue glow to which the GaN-Light Emitting Diode element 1 
emits a fluorescent substance as the fluorescent substance changed into a blue complementary color light, the light which 
penetrat d the 1st resin 16 while it had been blue, and the light changed into the blue complementary color with the 
fluorescent substance are mixed, and the white light is acquired. 

[0043] Moreover, the light which emits light with the aforementioned GaN-Light Emitting Diode element 1 is taken out from 
the silicon-on-sapphire 1a side by the upper part Therefore, a transparent electrode for current diffusion (member sh wn 
with the sign 69 shown in drawing 1 2 (a) and (b)) which was formed in the conventional GaN-Light Emitting Diode elem nt 1 
is not required, and there should be only a p electrode 5 of a thick film in the p electrode 5 side of the GaN-Light Emitting 
Diod lement 1 as a member for current diffusion. 

[0044] Drawing 2 is a circuit diagram for explaining the protection network which the compound light emitting device of th 
g stalt of this operation builds in. 

[0045] As shown in drawing 2 , the electrodes of reversed polarity are connected among connection, i.e., mutual p 
el ctrode, and n electrode in parallel due to reversed polarity, and the high voltage is made not to impress Si diode element 
2 and th GaN-Light Emitting Diode lem nt 1 with a prot ction feature from the ext rior to the GaN-Light Emitting Diode 
element 1. Mor over, to the p side of the GaN-Light Emitting Diode I m nt 1, it is connect d by the amount f [ of n typ 
substrat of Si diode lement 2 ] r sistanc in s ries, and although it is a small value, it works as a prot ctiv r sistance R. 

[0046] In this case, sine the forward direction operating voltag of Si diode lem nt 2 is about 0.9V, th voltag of th 
opposite direction impressed to the GaN-Light Emitting Diod I ment 1 is cut off by 0.9V. M r ov r, sine th pposite 
direction breakdown voltag (z ner voltage) of Si diod lem nt 2 can b set as about 1 0V, th forward voltag impr ss d 
to the GaN-Light Emitting Diod elem nt 1 is also pr t ct d by work of a prot ctiv r sistanc R and z ner v Itag . As 
mentioned above, since the forward direction br akdown voltag value of the GaN-Light Emitting Diod I m nt 1 is about 
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100V and an opposite direction br akdown voltag valu is ab ut 30V, such c mp sition can prot ct c rtainly destruction 

of th GaN-Light Emitting Diode lem nt 1 by impr ssion of high voltages, such as static ! ctricity. 

[0047] That is, if forward dir ction breakdown voltag of th GaN-Light Emitting Diode element 1 and opposite dir ction 

breakdown voltage ar s t to Vf1 and Vb1, r spectiv ly, forward direction operating voltag of Si di d I ment 2 and 

opposite direction breakdown voltag ar set to Vf2 and Vb2, r spectiv ly and op rating voltage f th GaN-Light Emitting 

Diode element 1 is set to VF. foil wing r lati n Vf2<Vb1 Vb2<Vf1 Vb2> VF should just be materialized. 

[0048] N xt. the d tailed structure of ach part of the compound light mitting d vie W of th form of this operation is 

r0049T Drawing 3 (a) and (b) are th plans and A-A lin cross s ctions of the GaN-Light Emitting Diode element 1 of this 
operation [ of a form ] As shown in this drawing, the GaN-Light Emitting Diod I ment 1 has the quantum well structur 
where th laminating of the AIN buff r lay r 31, the n typ GaN layer 32, the MOW layer 34 that emits a blue light which 
consists of the n type AIGaN layer 33. InGaN, and GaN, the p type AIGaN layer 35. and the p type GaN layer 36 was earn d 
out to order on the upper surface of silicon-on-sapphire 1a. The n electrode 6 which consists of aluminum is formed in the 
upper surface of the n type GaN layer [ in / the lower-berth section / it is formed stair-like and ] 32 where the upper 
surfac of the n type GaN layer 32 consists of the lower-berth section which occupies very few portions on top. and th 
upp r case section which occupies remaining most. Moreover, the laminating of the above-mentioned n type AIGaN lay r 
33, th MQW layer 34 which emits a blue light, the p type AIGaN layer 35. and the p type GaN layer 36 is carried out t 
order on the upper surface of the n type GaN layer 32 in the upper case section. And the p electrode 5 which consists of 
Ag. Ti and Au is directly formed in the upper surface of the p type GaN layer 36, without preparing the transparent 
el ctrode for current diffusion. The superficial size of the GaN-Light Emitting Diode element 1 in the form of this operation 
is a square whose one side is about 0.3mm. 

[0050] Drawing 4 (a) and (b) are the plans and B-B line cross sections of Si diode element 2 of this operation, [of a form J 
As shown in drawing 4 (a) and (b), by pouring in impurity ion alternatively in n type silicon substrate 21 of this Si diod 
el ment 2, the p type semiconductor field 22 is formed and opposite direction breakdown voltage is set as about 10V. Th n. 
the p lectrode 7 and the n electrode 8 which consist of aluminum are formed on the p type semiconductor field 22 of Si 
diode el ment 2, and n type silicon substrate 21 (n-type-semiconductor field), and a part of p electrode 7 serves as th 
bonding pad section 10. Moreover, the rear^ace electrode 9 which consists of Au, Sb, and nickel for connecting with a I ad 
electrically is formed in the undersurface of n type silicon substrate 21. The superficial size of Si diode element 2 in th 
form of this operation is about 0.4x0.6mm. 

[0051] Although according to the form of this operation the light which penetrated the 1st resin 16 which contained th 
fluoresc nt substance among the blue glows which the GaN-Light Emitting Diode element 1 emits while it had been blu , 
arid the light changed into the blue complementary color by the fluorescent substance are mixed and the white light is 
acquired Since it depends for a white chromaticity on the thickness of the 1st resin on the main light ejection side (top 
panel of a light-transmission nature substrate) of the GaN-Light Emitting Diode element 1 most greatly Since both outlin 
sid s (top panel) of the 1st resin applied to the rear-face electrode forming face of Si diode element which is datum I v I 
on th main light ejection side (top panel of a light-transmission nature substrate) of the GaN-Light Emitting Diode el m nt 

1 and this field are parallel mostly except for the edge section of this outline side The thickness can be controlled with a 
sufficient precision and the luminescence equipment of few white luminescence of variation can be obtained with the 
chromaticity of hope. 

[0052] Moreover, with the form of this operation, since Si diode element 2 plays the duty of a saucer, and the role of an 
electrostatic-protection element, regardless of the existence of a reflective cup or the vessel of a case, luminescenc 
equipment with the high reliability which built in the protection feature to high voltages which applied the 1st resin 16 
containing a fluorescent substance so that the GaN-Light Emitting Diode element 1 might be covered, such as 
lumin scence equipment and static electricity, will be obtained. 

[0053] Moreover, with the form of this operation, the GaN-Light Emitting Diode element 1 can make a chip size small, 
maintaining luminescence area, since area of the n electrode 6 which does not contribute to luminescence, and its 
circumference portion can be narrowed while the large bonding pad section for wire bonding becomes unnecessary on the 
occasion of connection between both and being able to miniaturize the whole compound light emitting device, since flip chip 
mounting is done by the micro bump on Si diode element 2 and the compound light emitting device is formed in both. 
Mor over, since there is no electrode which interrupts light compared with the case where light is taken out from the 
eiectrod forming face side of the GaN-Light Emitting Diode element 60 as shown in conventional drawing 1 3 since light is 
taken out from the transparent sapphire substrate 1a side, the advantage that the ejection efficiency of light improves is 
also acquired. Therefore, curtailment of the cost by reduction of an expensive compound semiconductor substrate area and 
incr ase of luminescence capacity can be aimed at by performing flip chip bonding by the micro bump. 
[0054] Furthermore, the advantage of heat dissipation is lifted with the form of this operation. Although the heat gen rated 
with the GaN-Light Emitting Diode element 60 radiates heat to a resin 83, or the 1st long and thin Au wires 82a and 82b 
and silicon on sapphire 61 containing the surrounding aforementioned fluorescent substance in the case of the conventional 
structur of drawing 13 Since the Au wires 82a and 82b with large thermal conductivity are also long and the diamet r is as 
small as 25-30 micrometers since the 1st resin 83 and silicon on sapphire 61 have small thermal conductivity and It 
becom s inadequate radiating heat, and if energization is continued, it will be filled with heat, and the circumference of th 
1st resin 83 containing the fluor sc nt substanc discol rs f the jection fficiency of light falls, and it becomes the cause 
of brightness degradation. With th form of this p ration, on the other hand, the heat generated with th GaN-Light 
Emitting Di d element 1 Since the p lectrod 5 to a diameter radiat s heat to an ext rnal memb r from Si diod lement 

2 of Si substrate which thermal conductivity is g od via th micro bumps 1 1 and 12 whos thickness is 15 micr m ters at 
100 microm t rs. and is used also for a heat sink, H at dissipation can fully be perform d, and discoloration of the 1st resin 
16 which caused brightn ss degradation do s not take piac , either, but r liable lumin scene equipment is obtained. 
[0055] (Form 2 of operation) Drawing 5 is the cross section f the compound light emitting device by the form of 1 
operation of this invention. As th form of this operation is shown in drawing 5 , th composition of a compound light 
emitting device is the same composition as th form of th 1st op ration except having used th auxiliary el m nt 40 which 
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has the 2nd counter lectrod 43 form d s that it might be in th 1st counterel ctrod 42 form d inst ad of so that it may 
b in an insulating stat to th front face of the conductive Si substrat 41 and switch-on. [ Si diod element 2 in drawing 
1] 

[0056] Drawing 6 is the plan of the auxiliary lem nt 40 of th form f this p ration. Th insulator lay r 46 is partially 
formed in th upper surfac of the conductive Si substrate 41 of this auxiliary elem nt 40, th 1st count r lectrode 42 
which has the bonding pad fi Id 44 is formed so that it may b in the conductive Si substrate 41 and the state of an 
insulation on it, and furth r, th 2nd count r lectrode 43 is formed so that it may b in th conductiv Si substrate 41 and 
th state of a flow. Mor over, on th undersurface of the conductive Si substrate 41, the rear-fac el ctrode 45 for 
connecting with a lead electrically is formed. Sine the function as an I ctrostatic-protection I ment is not taken into 
consideration, this auxiliary ei m nt 40 of th 1st and 2nd counter lectrodes which count r n electrod and p lectrode of 
the GaN-Light Emitting Diode el m nt 1 may be rev rse. 

[0057] The superficial size of the auxiliary element 40 in the form of this operation is about 0.4x0.6mm. 
[0058] About the procedure of carrying the GaN-Light Emitting Diode element 1 on the auxiliary element 40, it is the sam 
method as the form 1 of operation, and becomes the same procedure instead of the p electrode 7 of Si diode element 2 f 
drawing 1 , the n electrode 8, and the rear-face electrode 9 by replacing by the 1 st counterelectrode 42 of the auxiliary 

lement 40 of drawing 5 . the 2nd counterelectrode 43, and the rear-face electrode 45. 
[0059] In the form of this operation as well as the form 1 of operation Since both outline sides (top panel) of the 1st r sin 
applied to the rear-face electrode forming face of the auxiliary element 40 which is datum level on the main light ejection 
side (top panel of a light-transmission nature substrate) of the GaN-Light Emitting Diode element 1 and this field are 
parallel mostly except for the edge section of this outline side, the thickness is controllable with a sufficient precision. Th 
luminesc nee equipment of few white luminescence of variation can be obtained with the chromaticity of hope. 
[0060] Moreover, as mentioned above, although the auxiliary element 40 does not have a function as an electrostatic- 
protection element since it can take out light from the transparent sapphire substrate 1a side with curtailment of the c st 
by reduction of an expensive compound semiconductor substrate area by performing flip chip bonding by the function and 
the micro bumps 11 and 12 as a saucer of the 1st resin 16 containing the fluorescent substance, it can aim at increase of 
luminescence capacity. 

[0061] Furthermore, luminescence equipment with high reliability without brightness degradation can be obtained by th 
improvement of heat dissipation. 

[0062] Although the form of each aforementioned implementation explained the compound light emitting device equipped 
with the GaN-Light Emitting Diode element 1 as a light emitting device, this invention may be the compound device which 
carried the compound device which is not limited to the form of this operation and equipped with the laser diode elem nt f 
a GaN system, and the light emitting device prepared on light-transmission nature substrates other than a GaN system. 
[0063] (Form 3 of operation) Drawing 7 is the cross section of the compound light emitting device by the form of 1 
operation of this invention. In order that the feature of the form of this operation may control the chromaticity and variati n 
of whit luminescence with a still more sufficient precision in the compound light emitting device of the forms 1 and 2 of 
operation Both [ of an outline side (top panel) ] the 1st both [ one side or ] 16 which were applied on the main light ej cti n 
side (top panel of silicon-on-sapphire 1a of light-transmission nature) of the GaN-Light Emitting Diode element 1, and this 
field It is the point mostly made parallel with the rear-face electrode forming face of the sub mounting element (Si diod 
element 2 or auxiliary element 40) used as a saucer. 

[0064] (a) of drawing 7 is the case where (b) makes parallel mostly both top panels of silicon-on-sapphire 1a of the 1st 
resin 16 and the GaN-Light Emitting Diode element 1 with the rear-face electrode forming face of a sub mounting elem nt 
for the top panel of the 1st resin 16 again. The 1st resin 16 containing the fluorescent substance which emits the light of 
the blue complementary color in response to a blue light on the top panel of silicon-on-sapphire 1a of the blue GaN-Light 
Emitting Diode element 1 carried on Si diode element 2 is covered. Since the light which penetrated the 1st resin 16 whil a 
white light had been blue, and the light changed into the blue complementary color with the fluorescent substance are 
mixed and is obtained, thickness D of the content of the fluorescent substance with which the chromaticity is contain d in 
the 1st r sin 16, and the 1st resin 16 becomes an important element. As for this invention persons, dominant wavelength 
obtained the result which investigates how the content of the fluorescent substance in the 1st resin 16 and thickness D ar 
related to a chromaticity coordinate (x y), and shows it in Table 1 using the 465 to 470nm blue GaN-Light Emitting Diode 
element 1. 



[0065] 
[Table 1] 





1 0 


2 0 


5 0 


10 0 


110 


12 0 


3 0 


x 0. 19 
y 0. 24 


x 0. 22 
y 0.27 


x 0. 23 
y 0. 28 


x 0. 23 
y 0. 28 


x 0. 24 
y 0. 29 


x 0. 24 
y 0. 29 


5 0 


x 0. 20 
y 0. 25 


x 0. 25 
y 0. 30 


x 0. 28 
y 0. 33 


x 0. 30 
7 0. 35 


x 0. 30 
y 0. 35 


x 0. 26 
y 0. 41 


9 0 


x 0. 24 
y 0. 29 


x 0. 30 
y 0. 35 


x 0. 32 
y 0. 37 


x 0. 33 
y 0.38 


x 0. 35 
y 0. 40 


i 0. 37 
y 0. 42 



[0066] On th occasion of measurem nt, 3(Y, Gd) (aluminum. Ga)5012:C was us d as a fluorescent substance, using an 
epoxy resin as a resin of light-transmission natur . 

[0067] Thickness D of th 1st resin 16 is 20-110 micrometers, and wh n the content of a fluorescent substanc is 50 - 90 
% of the w ight, it turns ut that th lumin scent color of th value approximat d to the white (x= 0.25 to 0.40, y=0.25-0.40) 
valu is obtain d, so that clearly from Table 1. 

[0068] In order to acquir the white light of chr maticity-co rdinat (x y) = (0. 28 0.33) using the 1st r sin 16 of th 
aforementioned content of a fluorescent substance, for exampl , the thing of 50% of coht nt. it is nee ssary to s t 
thickness D of the 1st r sin 16 as 50 microm ters. In order to form the lay r of the 1st 50-micrometer resin 16 with a 
sufficient precision unif rmly on th top pan I of silicon-on-sapphir 1a of the blue GaN-Light Emitting Diod el ment 1 
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Th forming face ( r although the f rming fac f th p lectrod 7 on top and th n lectrod 8 is sufficient sine 
concavo-convex structure is shown in a front face, a r ar fac is desirabl ) of th r ar-face I ctrode 9 of Si diode 

lement 2 which is a wafer-like sub mounting I ment is us d as datum I vel. Loading junction f th GaN-Light Emitting 
Diode element 1 of blu luminescenc is carried out so that th top pan I of silicon-on-sapphire 1a may b com datum 
level and parallel on waf i — lik Si diod el m nt 2. ft is th asiest to control the m thod of construction applied by th 
method of scr n-st ncil so that it may b com it and parallel by the thickness f 50 microm ters about the 1st r sin 16 
on it (forms 1 and 2 of operation). In this cas . in ord r for bitt r fe lings to creat in the edge section of th outline sid of 
the 1st resin and to los this, in ord r that precision may improve thickn ss D m re, th 1st r sin 16 is applied more thickly 
and it controls by grinding in parallel with datum I v I. With such a method, controlling to arbitrary chromaticities is also 
possible and variation also b comes v ry small in a waf r side. Moreover, what is necessary is just to put in a polish 
process so that it may just make thickness [ to the top pan I of th c nter of th top panel of silicon-on-sapphir of GaN- 
Light Emitting Diode element 1 1a to the 1st resin 16 ] D into the set point of 50 micrometers when it is difficult to carry 
out loading junction of the blue GaN-Light Emitting Diode element 1 at datum level and parallel as shown in (a) of drawing 
7 , and it may become parallel to the datum level after carrying the GaN-Light Emitting Diode element 1 in a wafer, as 
shown in (b) of Both [ of an outline side (top panel) ] the 1st both [ one side or ] 16 by which the compound light emitting 
d vie by which a white chromaticity and its variation were controlled as the result as shown in (a) of dj.awinjg_7 or (b) was 
applied on the top panel of silicon-on-sapphire 1a of the GaN-Light Emitting Diode element 1 and this field is parallel 
mostly with the rear-face electrode forming face of a sub mounting element. 

[0069] Moreover, although the GaN-Light Emitting Diode element 1 used the SiC substrate with the gestalt of this 
operation, since a case is strong to static electricity, you may transpose Si diode element 2 to the auxiliary element 40. 
[0070] (Gestalt 4 of operation) Drawing 8 and drawing 9 are the cross sections of the luminescence equipment by the 
gestalt of 1 operation of this invention. The gestalt of this operation is the white Light Emitting Diode lamp and the white 
chip Light Emitting Diode which used the aforementioned compound light emitting device. 

[0071] While the compound light emitting device W of the aforementioned white luminescence contacts the rear-face 
electrod 9 of Si diode element 2 inferior surface of tongue to a die pad on the die putt at the nose of cam of leadframe 
50a in which the white Light Emitting Diode lamp shown in drawing 8 has reflective cup 50c. dice bonding is carried out with 
the Ag paste 51, and the bonding pad section 10 of p electrode of Si diode element 2 and leadframe 50b are further 
connected by the Au wire 52. Reflective cup 50c for reflecting light up is attached in the die-pad side of leadframe 50a, 
The mould of the whole point part of Leadframes 50a and 50b is carried out by the epoxy resin of the light-transmission 
nature of the 2nd resin 53, and the Light Emitting Diode lamp is constituted. 

[0072] As for the white chip Light Emitting Diode shown in drawing 9 , Leads 55a and 55b are formed in the insulating 
substrat 55. On one lead 55a, the compound light emitting device W of the aforementioned white luminescence turns th 
r ar-face electrode 9 of Si diode element 2 inferior surface of tongue down, and is carried. Flow fixation is carried out with 
the Ag paste 56, and they are the bonding pad section 10 of p electrode of Si diode element 2, and lead 55b of another sid 
further. The Au wire 57 connects. And the mould of the whole bonding area containing the compound light emitting devic 
W and the Au wire 57 is carried out by the transparent epoxy resin 58. and Chip Light Emitting Diode is constituted. 
[0073] in white luminescence, although it is an important element from the point of reduction of the mounting capacity by 
thin-sbape-izing to make thin thickness T from Leads 55a and 55b to the upper limit of the transparent epoxy resin .58 in 
the field of such a chip Light Emitting Diode, compared with the chip Light Emitting Diode of the type which forms the 
vessel of a case, it is the gestalt of this operation using the compound light emitting device W, and thin-shape-izing is 
[ direction ] possible and it has a predominance In addition, you may transpose Si diode element 2 to the auxiliary elem nt 
40 with the gestalt of this operation. 

[0074] Next, the concrete manufacture method of the aforementioned compound light emitting device and luminescenc 
equipment is explained along with a flow chart. 

[0075] Drawing 10 is the manufacture method of the luminescence equipment by the gestalt of 1 operation of this inv ntion. 
(Gestalt 5 of operation) The feature of the manufacture method of the gestalt of this operation A micro bump is form d by 
the stud bump on the p electrode 7 of the upper surface of wafer-like Si diode element 2, and the n electrode 8, And it is 
the point which applies the 1st resin 16 which performed chip junction for the chip-ized GaN-Light Emitting Diode element 
1 on wafer-like Si diode element 2, and contained the fluorescent substance in the state of the wafer 3 so that the GaN- 
Light Emitting Diode element 1 may be covered. 

[0076] According to an element process, the GaN-Light Emitting Diode element 1 as shown in drawing 3 is manufactured. 
This GaN-Light Emitting Diode element 1 is the quantum well structure which carried out the laminating of the GaN syst m 
compound semiconductor layer to the upper surface of silicon-on-sapphire 1a, as described above, and the p electrod 5 
which s rves as the n electrode 6 and Ag which consist of aluminum from Ti and Au is formed on the field opposite to 
silicon-on-sapphire 1a. The GaN-Light Emitting Diode element 1 is stuck on a sheet in the state of a wafer, and after 
taking a break in a chip unit, it is carrying out expanded one of the sheet so that it may be easy to take up (Light Emitting 
Diode chip). Drawing 10 is described from this state. 

[0077] On the other hand, Si diode element 2 shown in the Si wafer 3 at drawing 4 is formed in the shape of a matrix, and 
the micro bumps 11 and 12 are formed by the stud bump forming method on the p electrode 7 of the upper surface, and 
the n electrode 8 (bump formation). Next, it is made to fix, taking electrical installation combining heat, an ultrasonic wave, 
and a load by making the aforementioned micro bumps 1 1 and 12 w Id [ turning an electrode forming fac down, taking up 
the GaN-Light Emitting Diode elem nt 1 by th bond r 25 making alignment the p electrode 7 and the n electrode 8 which 
the aforementioned Si diode element 2 counters, and contacting the micro bumps 11 and 12 ] (chip junction). The baton of 
this chip junction can p rform recognition of the GaN-Light Emitting Diode lement 1, conveyanc , alignm nt, and juncti n 
in about 3 or less seconds. Moreover, the alignment precision at this time is 15 microm t rs or less. In this chip junction, a 
15-micrometer crevice is vacant b tween the GaN-Light Emitting Diod lem nt 1 and Si diode el m nt 2, and it hardly 
generates short [ poor ]. 

[0078] Then, on the aforementioned wafer 3 with which the unification element of the afor mentioned GaN-Light Emitting 
Diode element 1 and Si diode lement 2 was formed, th 1st resin 16 containing th fluorescent substance is applied so 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgLeii 



03/09/01 



9/9 s<— v 

that the GaN-Light Emitting Di d lem nt 1 may be covered (fluor scent substance application). In this case, it carri s 
out by th method in which patt rning. such as screen-st ncil, is possibl s that th bonding pad s ction 10 of Si diod 
e | emen t 2 may not b s il d by the 1st resin 16. 

[0079] N xt, the wafer 3 with which the appli d compound light mitting d vie W of th 1st resin 16 was form d is stuck 
on a sheet, a dicer 26 divides p r chip (dicing), and th chip of the compound light mitting devic W is formed. 
[0080] Th n. are turn d th compound light emitting d vie W n th mounting section of I adfram 50a, and th rear-fac 
electrod 9 ' f the aforemention d Si diode I ment 2 is turned down. It fix s through the Ag past 51. taking lectrical 
installation (D/B). After conn cting between lead 50b f anoth r sid with the bonding pad section 10 of the 
aforementioned Si diode element 2 with the Au wir 52 (W/B). The mould (closure) of th point of the I adframe 50 
containing the compound light emitting device W is carried out by the 2nd r sin 53 ( poxy r sin) of light-transmission 
nature, and a white Light Emitting Diode lamp can be don . In addition, if it r places with th insulating wiring substrate 55 
instead of a leadframe with the gestalt of the aforementioned implementation, it will become the manufacture method of the 
white chip Light Emitting Diode. Moreover, Si diode element 2 may be replaced with the auxiliary element 40, and a stud 
bump may be transposed to a plating bump. 

[0081] (G stalt 6 of operation) Drawing 1 1 is the manufacture method of the luminescence equipment by the gestalt of 1 
operation of this invention, and the feature of the manufacture method of the gestalt of this operation is the point of having 
added the polish process for controlling the thickness of the 1 st resin 1 6 uniformly to the set point and optimizing th 
chromaticity and variation of white luminescence to the manufacture method of the gestalt the 5th operation. 
[0082] As the flow chart of drawing 1 1 shows, the state where chip junction of the GaN-Light Emitting Diode element 1 was 
carried out on wafer-like Si diode element 2 is very difficult for arranging height with all chips to the forming face (datum 

1 vel) of the rear-face electrode 9. and making parallel the top panel of silicon-on-sapphire 1a which is the main light 
ejection side. The state is not uniform in leaning or height being convexo-concave, as shown in drawing of chip junction of 
drawing 1 1 . Then, in order to make uniform the height and parallelism of silicon-on-sapphire 1a to datum level after chip 
junction, the polish process (chip polish) by the grinder 27 is put in. In the case of polish, resins (for example, resist etc.) 
may be put into the crevice between Si diode element 2 and the GaN-Light Emitting Diode element 1, and a bond strength 
may be reinforced so that the GaN-Light Emitting Diode element 1 may not break away by the damage. 

[0083] Moreover, the thickness of the 1st resin 16 is brought close to the set point with all the chips joined to the waf r 3 
aft r the application (fluorescent substance application) of the 1st resin 16 containing the fluorescent substance, and in 
order to make it uniform to datum level, the polish process (fluorescent substance polish) by the grinder 27 is put in. Th 
r st is the same as the gestalt 5 of operation. 

[0084] If it replaces with the insulating wiring substrate 55 instead of a leadframe 50 with the gestalt of the aforementi n d 
implementation, it will become the manufacture method of the white chip Light Emitting Diode. Moreover, Si diode elem nt 

2 may be replaced with the auxiliary element 40, and a stud bump may be transposed to a plating bump. 
[0085] 

[Effect of the Invention] Since the sub mounting member as an underlay of a light emitting device serves as a saucer of the 
1 st resin containing a fluorescent substance or the filter matter according to this invention, regardless of the existenc of a 
light reflex cup or the vessel of a case, it becomes the structure which can apply the 1st resin so that a light emitting 
device may be covered. Moreover, the light emitting device which has the p type semiconductor layer and n-type- 
s miconductor layer which were formed on the insulating substrate like the GaN-Light Emitting Diode element is receiv d. 
Since it considered as the structure to which parallel connection of the electrostatic-protection elements, such as a di d 

lement for bypassing both the semiconductor layer and passing current, is carried out when the high voltage was 
impressed between the p type semiconductor layer and n-type-semiconductor layer Though formed on an insulating 
substrat , offer of a compound light emitting device with high reliability with the function to prevent destruction by static 

lectricity etc., and luminescence equipment can be aimed at. 
[0086] Furthermore, it becomes the structure improved also about thermolysis about the miniaturization of luminescence 
equipm nt, or improvement in the ejection efficiency of light again with devising the ejection means of the electrical 
installation state of a light emitting device and an electrostatic-protection element, and the light from a light emitting 
device. 

[0087] In order to control the chromaticity and variation of white luminescence, furthermore, the outline side (top panel) of 
the 1st resin of the fluorescent substance content applied on the main light ejection side (top panel of the silicon on 
sapphire of light-transmission nature) of a GaN-Light Emitting Diode element, and this field The compound light emitting 
device and white luminescence equipment of white emitting [ to wish light / of a chromaticity ] can be manufactured with 
the sufficient yield by using the rear-face electrode forming face of the sub mounting element (Si diode element or auxiliary 
lement) used as a saucer as datum level, grinding it, and making it parallel mostly. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use f this trans I at i n. 

LThis document has be n translated by computer. So the translation may not refl ct the original precisely. 
2.**** shows the word which can not b translat d. 
3.1n th drawings, any words are not translated. 



DESCRIPTION OF DR AWINGS , 

[Bri f Description of the Drawings] 

[Drawing 1] It is a compound light emitting device concerning the gestalt of the 1st operation. 

(a) is a cross section. 

(b) Plan 

[Drawing 2] The circuit diagram for explaining the protection network which the compound light emitting device concerning 
the gestalt of the 1st operation builds in 

[Drawing 3] It is a GaN-Light Emitting Diode element concerning the gestalt of the 1st operation, 
(a) is a plan. 

(b^ is the cross section seen in the direction of (a) A-A line view. 

[ Draw ing 4] It is drawing showing the structure of Si diode element of the gestalt of the 1st operation. 

(a) is a plan. 

(b) is a cross section. 

[Drawing 5] The cross section of the compound light emitting device concerning the gestalt of the 2nd operation 
[Drawing 6] The plan showing the structure of the auxiliary element of the gestalt of the 2nd operation 
[Drawing 7] It is the compound light emitting device of the gestalt of the 3rd operation. 

(a) is a cross section at the time of making the top panel of the 1st resin parallel with the rear-face electrode forming face 
of a sub mounting element. 

(b) is a cross section at the time of making parallel the top panel of the silicon on sapphire of the 1 st resin and a GaN-Light 
Emitting Diode element with the rear-face electrode forming face of a sub mounting element. 

[Drawing 8] The cross section of the white Light Emitting Diode lamp of the gestalt of the 4th operation 
[Drawing 9] The cross section of the 4th white chip Light Emitting Diode of the gestalt of operation 

[Drawing 10] The flow chart which shows the manufacture method of the luminescence equipment of the gestalt the 5th 
operation 

[Drawing 11] The flow chart which shows the manufacture method of the luminescence equipment of the gestalt the 6th 
op ration 

[ Drawin g 12] It is the conventional GaN-Light Emitting Diode element currently produced commercially. 

(a) is a plan. 

(b) is the cross section seen in the direction of a C-C line view of (a). 

[Drawing 1 3] The cross section of the GaN system white Light Emitting Diode lamp currently produced commercially 
[Description of Notations] 

1 GaN-Light Emitting Diode Element (Light Emitting Device) 
1a Silicon on sapphire 

2 Si Diode Element (Electrostatic-Protection Element) 
2a N-type-semiconductor field 

2b P type semiconductor field 

3 Wafer 

5 P Electrode 

6 N Electrode 

7 P El ctrode 

8 N El ctrode 

9 Rear-Face Electrode 

10 Bonding Pad Section 
1112 Micro bump 

16 1st Resin 

21 N Type Silicon Substrate (N-type-Semiconductor Field) 

22 P Type Semiconductor Field 

25 Bonder 

26 Dicer 

27 Grinder 

31 AIN Buff r Lay r 

32 N Typ GaN Layer (N-type-Semiconductor Field) 

33 N Typ AIGaN Layer (N-type-Semiconductor Field) 

34 MQW Layer 

35 P Typ AIGaN Lay r (P Type S miconductor Field) 

36 P Typ GaN Layer (P Typ S miconductor Fi Id) 
40 Auxiliary Element 

42 1 st Counterelectrode 

43 2nd Counterelectr de 
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44 Bonding Pad Fi id 

45 Rear-Face Electrode 

46 Insulator Layer 
50a, 50b Leadfram 
50c R fl ctiv cup 

51 Ag Paste 

52 Au Wir 

53 2nd Resin (Closure Resin) 

55 Insulating Wiring Substrate (Print d-circuit Board) 
55a, 55b Lead 

56 Ag Paste 

57 Au Wire 

58 Epoxy Resin (Closure Resin) 
R Protective resistance 

D Thickn ss of the 1st resin 

W Compound light emitting device 

T Height of Chip Light Emitting Diode 
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(4) 

5 

/<y VtejfJxtf^ K^ft-CV^o G a N • LEDi 
?-6 0©n«i6 8liAu7^t-8 2a^Lt!i- 
K7U-A8 0al:«$^ pmU7 OI4Au7-fir 

— 82 bSr^-L-CU — K7l/- A 8 0 b KS^ixTV ^ 

So ^-tT, •> -78 o cftmaz, 'micomm 

8 3^5E«$tvG a N • LEDi^-6 O&WiXtoV * 
mi<Dffim8 3!Cli, G a N • LED$f6 0 <7?%JtiS 
S?rtewKfttC^-r5m*^K8 4^^$tb-C^ 
•So -tLt, GaN-LEDi^eOJrMttV^U 

- K7 A 8 0a, 80b <D9cHm&&myt&<0% 2 

ED7 V:/75Mi/&£*vO>5o 

[0 0 0 31 £fc. fifefyyLED da^iff) <Ott 

CGaN • LEDifBO^tU m#<D&&&l<D 

[0004] rcoefeLED^^T'XIi&fe^^^LE 

<D3l<7?rtSH^J*$;h,fc:Sll W»flg8 GaN- 
L EDjIT- 6 o^-rsWfe^o^SrWfeirWfewBS 

8 3-§r5gigLfc}fci, *3fe»fC 8 4 t? ttfcfefcSMfeS *t 
[0 0 0 5] 

[38W*s«BfcbJ:5i:i-5»W b3&»L<e*b, HI 1 3 
l^fi546feLED7y7 , ^fifefS'7'LEDti > 

[0 0 0 6] USUI, *3fc*Mt8 4S:**UfcS5l«>» 
itSIirCi^ GaN - LEDi^605r^©Iiro 

[0 0 0 7] 82C, 5ft3tRjH-*y^"8 0 c^> 

[0 00 8] WESfeL ED? 

•7°LED(r^ffl$ttTV^G a N • LEDif6 0 li, 
G a NSW^LEDy^l^ffl^tuTV^^T-irlDC 

So r©&feLED7>':/i»«ft# J 7- + -> ! 

$ titz = yf^t- £ Sr»St S-e-CM#MlwSk*S:* Z 
£it7ti§-£\ )i*(S]T**3iti oovro#tET-> a 
tz. ^|6]-Cd3«t-t3 o v<D»tBE-e«E«$n5„ 
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6 

ffitls teflVVV^fc-g-^aitt (G a P-^G a A 1 A s 

tt if) x*mf& $ ti z l e d t itm u -c $ 4 

5^a«tS : S:li£$i*twLED7V7'SrH9&? 1*3 
&5<DG a N • LEDi?6 O^tCI^IcStlTLS 7 
tV^7^ST"fcSo 

[0 00 9] StJlESfflW 9*)Ilt*3 <Z>SBIi, -TT- 
Iw^BJ^-t^ioT, #H¥0 9- 1 9 2 1 3 

BiSGaN- LED* : T-0«fflfc*iBI'5riBi:<C5«j6-e 

[0 0 10] 

[»«S:«?*i-53t«)W^S] JilESWSr^-f-Sfc* 

miz&m-rz nmmLXj-pmmmft.£Mz?k%m* 

b. MlE^MttS^sfc^SriSfcU ^-ttt »Uot5I± 
(eg? l *5 «t O 5 ^ 2 tf>*t |p)€tii t R»oS»cSB^ffiSr^f 
*>, tfrfSfgl *3ot^2<D*f(Sl«@l±^:n^ f ixfttrfSnm 

Sttfctw, fJlESl*JJ:U ? ^2 0*)-(6]ffi1Sro7^--* 

yom$:-a&ztzmi<Dffimtzffiz-z>tbt>iz^ tnism 

7 J;5J=tt*S*vTV^*'&*3fe* J jFJw33V^T, SHIES! 

^tifr—^titztem^t^nm.btezmuy-?-* v v 

[0 0 1 1] $6ft&7F-<£>3E7fcSl 9 tUL-ffi 

li, ^3t3H7FW±3t*9aibffit-5:0±o^l <o»«Bw 
»**s»*A< »/hfc*«. 1 



(5) 

7 

[0 0 121 ^«<0«i£*ifcfcB81-S#ai*. 

owmnmfc&mt w^\z-rz,tLn><ommiMb fciifln 

[0 0 13] 

&g«<D±lwnM^*#S&tfpM**ttS&«SU 
|tliemi*5j;T>-^2(75^(fi]«ffil4^ ; e^*tllEn« 

p«^i-^^^<v;/£;frLT^ii«^L-^ 30 
Sfcfcfcir, «WESI5l*iJ:t«B2©»i«i«i«?5t>-* 

*SfcB:W**sS»tJllli<t4*lE1^7 r -^'>>' H 
sit T-wgffiS^jSffi £ (51? WCfc 5:i fcKHR b ~T 

[ooi4] :ni:it), SfecDfeaii, ^JtSf^roi 



#133 2 0 0 1 - 1 5 8 1 7 
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[0 0 15] if*«2i^f2«t<7?^BJl4. »#*li:Et 
«)«rJ!i^ttlE«3t*KSr 5 0-9 0 fifi%tf>#J£-e£* 

LTv^^t£#i&ii-3ii^3Bfc*^-t-fc5o 
[0016] r.nir.t'?, efe<Dfe«^HS.-f-5fc*ro 

[0 0 17] »**3^1E«©«Wtt, lf*iS2lw|E«c 
ffi±0«fliE^ 1 (Dffimcom* t *S|SIS— Jt"C, 2 0 m m 

1 1 o umiommx'hzz. t*i#WLb"*z*t&n 

[0 0 18] wtK-i!?, 6#,<Dfeg&3l5i.-t-S?§3t3t 

[0 0 19] »**4^IBlfi»*Wtt» »*«2lw|a« 

^<DSf-^f- t 2 0 (im^tS 1 1 0 ^ mCDgSSI't'fca 
[0 0 2 0] ^^^i 1 ?. Olti LB 

<o # v » * e fe^ * * s » 6 n 5 b v » 5 ^ m & *> a . 

[0 0 2 1 ] Sl*^ 5 (IsEicO^B^Ii. »** 1.2, 

ik&®*mwm b ZGIrZ G a N3R<t-&» i < t »iWB3t* 

Wpl^frlt^l- 3 ''-- -;/:7S^-r5B2<E>>tf 
l6l««S:»)«bfc#Siros i ^ K"Cfc 5 i t S:^ 

[0 0 2 2] rtttrj; tK G a N • LEDffroTSf 

^y j ^M<$:^'S5£0^-«icH^^< , GaN' LEDif 
tS5i5C)Bi ©»ffiSr**-e# 5«it(w^c5i t fc 
l=. JKMttOlJ-^rWTatlRSrfflV^fcGaN • LED 
*^-**»«ftKlBV ^*-7-Tf fc 5 tc t fafrt) t>i", 

f^ffl^foS. tiros i ^t-KWits: 

) [0 0 2 3] »*«6lCia«EO*WI4, 2, 



9 

ik&m^&M t z^-fz g a Nmt^m^m^tft^ 

% 2 <T>ftfaW&V> o *>— -fiftMW&Wfc^m^ZS ut 

mmam ttto. t * § «t 5 s n 

[0 0 2 4] JtSiSteroS i CStgfcffl^fcG a N • L 
EDS^CjBtt, BBBKBWZVCS i V^f*- KB 10 

[00 2 5] !»#* 7 U:IB*0>*IP§H:» if** 1 *» b 6 
Kl^<&B^B*B*&Bv*fcB36»B-e*>o-C, 9 ~ 
K-71 — AXiiri) ^hBMKK^^^ httteflrEB 

Wfr*-* h&^L-C&ttU ttMEir^'S'Vf'B^ 

[oo2 6] ^ti\zx<o. RMUv^mteo&omm 

[00 2 7] »#B8 lwlB«0>»BI±* if #*S 7 K|E* 

<D«^Bwsajs*fe-efcoT, lmsEHftB^w n mm 

^T/B2W»ft«B±KW:?n^;/^&^j*-t-3X 

lit, WfS-^y-^^^Mil^SrSttmtbT, HftfEfR 

B *.fc»36BBW«B2f ffiTfc 5 o 
[0 0 2 8] mtril?, ? us<^7*m\<^fz-7 V 

T-fc t> , 1 (DBJigWifcftjXSM::* * U - vEPMjS 

v hB^roBBBWJfcffifcllfMEBJteB^w^Jte* 5 ttJ 

H ■& mZWfs^-t Z> z. t a» wtg 1 1£ 5 1 ^ o fcffMB a* *> 
[0 0 2 9] if 9 KlEBwBWtt, lt*« 8 »ZE* 

®S.t5^2c7)^^«@±t-Hlll5-^f'^D/ ;; >'^t LT7 



^BB 2 0 0 1 - 1 5 8 1 7 
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Zf-v?.' h3ff^«>*tl6]-r5^1 <D*|-|6]«SSD J ^2<0*f 

^Wih^^V hB^-SrSttlLi: tt, wi^M 1 W«tflg 

>- hBT-oB^BifcB^dSBJfiSftfclfflE*^--*^ 
•y ^filw^fil-r 5 IS i: , ^ r-fb $ IxfcMIElS-g-M 

«U BB^— * N&:frLmB8)1$iB£B9 fcrt 5 b@ 
KBBi:*JfE V — K7 u-AXttT" U y YW&gM 1 ^ 

3sb©»b**-c*>5. 

[oo3o] rtiiau, gitmi L-cw-y-y-?^^ h 

riSHm-C^Siv^fEffltfSfeSo if 1 0 IciEBro^ 

WEB l ©WIB^SUffi (^ffi) »v^*v**-*4fcH: 

-fSfcfcwW^Xigi: ^B^fcBJfiBBroBJt**^*) 

[0 0 3 1 ] ito 1 ?, -^y-^^^ hB^wBBBB 
^ESrSipffii: LJtWBXST% «3tB^ro±3fefe t> 

[0 0 3 2] if *Jg 1 1 Jw|EB«?»Wtt, 1 0 

1 ©JtlfomffifttfB 2 o»i*i««±^ffiB-&*>*S: 
S®BiraSrmi2^^ 9 us<^rf%ft\,XW&fa\z.fflfct 



(7) 

11 

^o!)- k^pj^f^ -^--esHrrs ins t 
[0 0 3 3] rtU-itK {'lA-^t^^vM 

/t«l=JB 1 ©ttlBofl-WSiSr-t PJ#*W 

[0 0 3 4] 1 2 irffi4ft<z>3§93tt, l l fc 

-e*>*. 30 
[0 0 3 5] r.n«::J:9. ^i/N-^t^^yhi 

[0 0 3 6] 1 3 (Cfa^ro^HJIi, If *IS 9 , 1 

[0 0 3 7] wHlwi«9s W * n/<^^0/h^b*SpI 

[0 0 3 8] KTF, *^^HJ6^flSi-ov>-CI21ffiSr 5 
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[0 0 3 9] (ia6<D»IBl) BIO (a)atf(b) 
JtOGaN • LEDff l^itt^ti (JtSiBtt 

JtflOGaN-LEDJU^l^ »«««««MBS:»o S 
i y-T K*^2±^>f ^n/^y^fCSSS 
^SttTV^S^t. GaN'LEDl^l^ttS^: 

$K S i K*^2SrS*tlLi: tt, G a N • L 

ED*^lSrfll5 J:5twlfc*SixTV^5jStt, R^«* 
LfcWK^O 9- 1 9 2 1 3 5*^«fcWC-e*>5o 
[0040] IS] 1 (0 (a) 9 Si £V ^ 

K*^2±lCG a N • LED^l «:Sft53W»-e!Stt 
U G a N • LEDi^lll 3SJttt^t7r>f7Sfi 
1 a Sr±ffi^rt»t-Ci:ixSr£**9 &l,mt-tZ>t t fc 

S i *V K*-¥-2tt, GaN • LEDiT-1 fc*trft 
-t-SJbffiffilt- p 2 b ir^^T 5 K 1 <7?*Mp1 

K2<D#ft«ffi^&5n«ffi8**rU Til:»nS* 

S i^t-K* : P20ptffi7*5iU { n«g8ll G 
a N • LEDSf 1 On«1S6St/pm®5tw*rf6]i-^ 
Ei"e»*Sft, GaN - LEDi^ l^pli5 <h S 
i Ki^20nfi8 tttAu-e^f^D^^ 

12Sr^UT. GaN • LEDi^l <DnW&6 t S i 

5o ^b^pm®7±o-^lcH^^v ; >< KSB 
1 o*s»j*SttTi3 0, IIii9t*vf^^7 
K»l 0 t^«B«»(-SM«Stt5«iS4:*o'CV^o 
^fc, GaN'LEDi^lWfttHtDife^ 

i y>f3§-— K*^-2S:gttJnLt IT, GaN'LEDl 

[0041] ^o«t 5^*fiS;iwi-5w iciti, led 
?y^fyyLEDl:fflv^!)-K7i/-AJMI#«) 



(8) 

13 

6£GaN • LED^l 5 Ut**Si 

[0 0 4 2] SWBKbft-e, «3t4MtSr* GaN- LED 

[0 0 4 3] *fc, WIBG a N ■ LED»^ 

S 0 *<Dtzbb. GaN • LED*^l^pii5fllI 10 
i£*<Z>GaN • LEDJUfll^rtSilfciJfti 

SKSflRffl^atW»K (012(a), (b) t^-r^-g- 

" [ 0 0 4 4 ] B 2 ft. *jHfcO»«©1I-&***^* J rt 

[0 0 4 5] B2fc:«rrJ:5K:* ^Siatg&^os 

m&<OW&Wl±$:&Wt^X , GaN'LEDifll:^ 20 
fc. GaN • LED^lOpfilll-tt, iE^Ji-S i jf<4 

[0 0 4 6] Z<DWr&s Si^t-K*?2©)0(*rtl 
»f}z«JEI**&0. 9Vt*5^e, GaN-LEDlf 

Ga N • (w^PiD$n5«I^f^mi£ 30 

<D Jl 5 ir, GaN- LEDii 1 1 OlH*lpHtt*«ffiffitt 

l o o vgSffc 5 , i»*Ko«»«Cffl[ii 3 o vgst 

EPJDfcJ:5Ga N • LEDi^l^SMi^ESC: 
[0 0 4 7] Of ^ GaN«LEDl^l«« 

aiiE, a*nnwtEt*ft?nv f i, vbit 

U-^^^^mJBESr^n^tlV f 2, Vb2^U Ga 40 
N • LED*^l<ottflF«ES:VF THESIS 
« 

V f 2 < V b 1 

V b 2 < V f 1 

V b 2 > VF 

[0 0 4 8] *H*(Djg»^*-&*3t* I f : W(D«- 

[0 0 4 9] (2 3 (a) RZF (b) *Wfc<T>W&<T> 
GaN- LEDi^ 1 ^^ffiiSt^A- Ai»SrffiEI"eS> 5C 
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5„ BBK»t «t 9 fc. GaN-LEDt^lll *7 
T-f TSfil a <D±.mi^, AlN^y77l3 1is n 
!GaNl32^ nlA 1 Ga Ng 3 3 t I nGa N 
G a N^b^^f fe(7)7t^t5MQWi 3 4^ p 
!AlGaNl35i, P iGaNl36<h 
SlXfc**#F«J«r*L-C^S. nlGaN|32W 

*5!)> TS«8^*5W-5nl!Ga N«3 2^>±Blwtt. A 

33l|5nlGaNl3 2(D±iH, ±*^niAl Ga 
Ni3 3^ffe^mMQWl3 4t, pMAl 
GaNl35^ plG a Nf3 6 £ rtMKJrSUi SftT 
V^£ 0 -t tt, plGaN!3 6(?)±I(:ll mffiffiim 

ffloa«t«tRit5:i:<c<I«, Ag, Ti, Au 
J;0ft5p««5a*Rttfe:hTv*a. *Hl£o^®tw*3 
ttSGa N • LEDX^l^IftWXft, -52^ 
0. 3mm8S^IE^tfc5o. 

[0 0 5 0] 124 (a) , (b) 11, *H!fitf>JI2JB<£> S 

i ^ a-— K3S^2o5pffiia&tJ ? B-Bjiswfffiia-efc 

5. B4 (a) , (b) {w^r-TJ: rtf)S \?<<* 

ft:®*) <DJb^ Al «t945ptfi7Rtfn«ftfi* s 

Ktm*tt^SM*i"S^*^>Au, Sb, NiiDftS 

i *V K*-T- 2 £>¥Btt*lM Xfi. 0. 4X0. 
6 mmflLlS~Cfc<5o 

[0 0 5 1 ] GaN'LEDi 

?>tt5dS, S^OfeSfi, GaN'LEDl^KDi* 
Steffi US OfcSiSteSS^ffi) 1 <7}«tJIS0JS 

-Ki^SieSMI^GaN' LEDif 

[0 0 5 2] Sfc, *JMSO»«-ett, Si^t- K 
KSr-a tr* 1 ^»/IB 1 6 Sr G a N * LEDl^l 
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[0 0 5 3] ^fcv *Hlfi<0?g(B-Ctt, G a N • LED 

f£^#L&V^ntt1l6£t^OJiffla#Wffi«£2fc< t? 

<r-#5„ Sfc, S?l4t7 7^tSfil affl!l*»b3tSr 
KOUJtOf. &3fc<E>II]l 3l:*t±5ftGaN ■ LE 
DM* 6 0 <0««Jgj*ffifllM»fe36** 9 ttSi-S^-t-it 

ft^igSS^&V^T-ftro&i? ffiL8!)Si#|6]Jb-f 
5£v^jfl]j£fc#S>;h,3. t£^T, -r^^aX^tci 

[0054] $ p>iw. *njso^-en, tm><om&fr 

SNffcixS. m 3 «|£#*i60>»£\ GaN-LED 

fc«n©»JB8 3^<-GWvvA.u!7>r+-8 2a, 8 
2 bSU ; t7T^TSfi6 1 IlWl 

II 8 3 ^ 77-f TIS 6 1 ttfgVB^^'h $ v Nfc* 
fc, 2 8 2 

b h&<XWMfc2 5~3 0 (imt/J^^Cf, 

Ufc* 1 rottJII 8 3 ©11*5^6 1> ft TO St 9 til L 

HJSO^T'tt, GaN-LED^l T-3g£ LfcSfc 
li, pfM&5 frbWMfr 1 0 0 n raXW-Zft 1 5 n m<D 
T^i'n/Wl 1, 1 2 SrSfi Lt\ ^e^^ s S< 
tt-F ->^^{ct,ffifcti-5 S i SlgdS i 3 — K 

[0 0 5 5] mn<OlM&2) El5li, *^BJ<7>-^1£ 
tr*5l7 5S i ^-f K3lW-2 0ft*>9fc, *mttS i 

mm 4 i <^«ii;*t Lt«sst ^5 £ ? icjfM^n 

fcJBi <o»[Sj«^4 2, *sJ:l«KMR»i:**J:5l=» 
J*$ixfcJI5 2©»lRl««4 3«r*Ti-5*Mb*?-4 OSrffl 

[0056] m 6 «, &mi&<n]&m<r>mmm* 40©? 

Iit-fe5, 1 dildS^ 4 o roSltt S i Ifi 4 1 <D 
±Sir^«)[rKfe^)K4 6i>Wf&£iiX&*), 
^«t4S iS^4 1 b&®L<Oftmttj:Z>£ oXZif^ST 1 * 
K««4 4«:*-rSSfiklW»l6l««4 2/4*>»/& 
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£iv i»«ttS i3£«4 1 tS»iiOttt»t*5 

j:^irm2 0jFf(6]m@4 3«$ntv^. st. m 
m&s ii«4 i<DTB-h(^ii. y — vtm^\^m 

ftV^O-C, GaN- LEDifl©ntiltpti!:M 
[6]-rsmi&tfJg2tf>*ffa«4£f±, iS»Tfco-C^^t3 

[0 0 5 7] *|B»©?&JB«Cd3»t5*tJlb*^4 0(D¥I 
10 tofc-iM Xli s 0. 4X0. 6mmgft*)5„ 

[0 0 5 8] Mtb^T-4 0±twG a N • LEDlf 1 Sr 

9 , @i©si^ k*-?- 2©p mm 7 , n 

8, IIiffi9W^DI:, 0 5 £>4§Jl*)IltT- 4 OWfl 
©*j-|6]©l£4 2, ^2©»|6]li4 3, ISli4 5f 

[0059] z\<Dmm<omm<om&i>. mm<ommit 

GaN- LEDi^lWi^StUffltl 
[0 0 6 0] ttEOj^lwttSbSR^Ott,. 

vtzm i <*>»jra i 6 ©gitm t vxcommRv. ? 

d/^II, 1 2 tC i S -7 V v •?=}■ V y&%i*'f7 0 w 

[0061] $ p>fw, »c^ro&#^<t 9 . mx^itfoii 

[0 0 6 2] flfHE#*Jfe<0^jjgT-li, MifitTG 
a N • LEDf^l SrfltifcH'&iBJt^^oV^-CttW 

t±^<. CTill, G a NI<D i/-f-^ t- Ki^Sr 
ffiZ-tzfeG-m^. G a N^W^-<03tSiit£S«±l-SS: 

[0 0 6 3] (HJfeo5^ti3) 121 7 li, ttm<n—ni& 

-rSfcfciw, GaN- LEDf^lWiJtSUtKUB 

1 <D«tJ!Bl 6<7?^$i5ffi oeffi) w-^xii 

K*^f - 2 4 0 ) ©lilif^i t 

50 tflwbfcjST?*>5, 



(10) 



#H2 0 0 1-15 8 17 
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[0064] m7<D (a) 14, ^ 1 Oftfflg 1 6 CO^cffi 
Sr. (b) I4» 1 flxWJIB 1 6 i G a N ■ LEDif 

#4*— K*^2±K*Mfc*n-CV^a#ftG a N • LE 
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6«(4, mi<Dffimi 6+i;i**ftT^5£3t«0W<0£- 

K5"*->' h&**5 4 6 5 nm^5>4 7 0 n 
m^)ffeGa N • LEDfff^l &/B 1 1 6 

t ^S»f ^) t#¥ ^Mll (x, y) 

[0 0 6 5] 





a o 


2 0 


5 0 


10 0 


1 1 0 


12 0 


3 0 


x 0. 19 
y 0. 24 


x 0. 22 
y 0.27 


x 0. Z3 
y 0. 28 


x 0. 23 
y 0. 28 


x 0. 24 
y 0. 29 


x 0. 24 

y 0. 29 


5 0 


x 0. 20 
y 0. 25 


x 0.25 
y 0. 30 


x 0. 28 
y 0.33 


x 0. 30 
y 0. 35 


x 0. 30 
y 0.35 


x 0. 36 
y 0.41 


9 0 


x 0. 24 
y 0. 29 


x 0. 30 
y 0. 35 


x 0. 32 
y 0. 37 


i 0. 33 
y 0.38 


x 0. 35 
y 0. 40 


x 0.37 
y Q. 42 



[0066] so*i-^LTf4, ytmmfe<ommt txx 

2K**>»J!B*rffiV\ »3fe»«i:U"CI4, (Y, Gd) 3 
(A 1 , G a ) 5O12 : C e «rJflt\fc 0 

[0 0 6 7] *i^5>B8b^ftJ:5*-, mi(ommi 6 

Off S D *5 2 0-1 1 0 /zm-efcoT, f»I^^t 
W55 0-9 0fi%^)tt, Sfe (x = 0. 25- 
0. 40, y = 0. 25 — 0. 40) (Dffidififgt Lfcflt 

[0 0 6 8] SJfettSf 0«fE*#*0* 1 0»|g 1 6 N 
#J;ili$W*5 0%<7>t>^£^T, feftiSg (x. 
y) = (0. 2 8, 0. 3 3) (O Kitt, K 
1 0»ffi 1 6 Off^Dtt, 5 0/z mlCRei-^^S^fe 
So ffeGaN • LEDi^l(7)t77-f Tg« 1 a CO 
^S5±K«fgft < I- 50m m(Om 1 <0«MB 1 6 (DM 

5 i ^ t- K*^ 2 OXffiW 9 ©»«ffi (XI4JLK 

<n> P 7 n mm 8 o^ffi-e t ftv ^^ffi^mib 

^x/n-^S i ^*-K*T'2±lr^7T>fT*« 

N • LED^l fcttrffcttd-U ^Jhlcfgl (D»MB 1 

6 Sr5 0 mn^t^nt^RTl^Si^ i-*^ !> — 

^H3«l^*te"t?ft*i"5 xte*s* = v h o — /u u-^i- 
v> (HlSo««ixw2) o ISiotttflBo^ 

ff^D^^i «9tt«&<1-£fc#>. » 1 coj&JlB 1 6 £ff 

*fcffi*-C/h$< £5 0 EI7C0 (a) ir^i"* 0 

(:S$It¥ffl:ffeGaN- LEDf^lSrM^ 
tSIi«^t)GaN • LEDf^lOt7r 

4-e<7>ff*DS:!8:5£ffi5 0 m ml^i-ftfcEfi^ U Sfc. 
12] 7 GO (b) ©£5CGaN« L ED*T* 1 Sr^/x— 



SflSffifcSRTlcfcS i 9 lwWIgXf££Aftft 
^-CO^mirUT, (a) XI4 (b) <D £ 

fclfi^SSftSt^-tt, G a N • L EDf^- 1 <D~$~7 T ^( 7 

O^MEffi (^ffi) *Sfct4W^1^^^^h*^ 

[0 0 6 9] *HJS<0^1g-C?G a N • LED^ 

l^Si C£ffiSr«v>fctOco«^t4. »«fti;:3&lvD 
T\ S i ^*-K*?2«:i«i* : F4 0^«#»*-C 

[oo7o] mm<Dmm4) ia 8x^12914, *3§ej3 

30 SU«efefy^LEDt?fc5, 

[0 0 7 1 ] El 8 [C/TtefeLEDy^lt y 
y50c SrftoJ- 5 0a 5fc*ntt> a* 5, h 

±id, MIESfe*#0*^#*^Wj»«, S i ^-f*- 

hs 1 *) ^Y;*/^^ >-^£ft. 

Hi-, s i^Vt-Ki^2(7)p»*yfV^ 
^ KSB l 0 t y — K7 A 5 o b tfiK Au^f- 
5 2(C t t»9^fE$nTVN5o !i-K7^50a^ 

40 ^5 0 c^9^t(tfetbTl^o 3-K71 i.,5 0 

a, 5 0 b03te«»^#dSJ(S2 0»IB5 3^3t*att 
^^.sJfarv/»JB-e^E— y^KSttT, LED7^« 

[0 0 7 2] 0 9^-t-efi,^ty^LEDI4. JfilittS 
g55iiy^K55a, 55 b^jS^Jx, — D — 
K5 5 a 0±^«Waafe36*Ott^«**^-W*s, S i 
y>f ^- K*dF- 2 Ti^IIli 9 5rTi^ ItM $ 
ft. Ag^ h 5 6\Z£ «9^ii@^^ft, SiC, S i 
^^Kii L 2(7)pli^yfVy^^ KMl 0 
50 ttt*(D!)-K5 5bt^ , Au !7-fir-5 7i^«t <9 
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[0 0 7 3] :m±94f5'7'LED^itl± 1 !> — 
K5 5a, 5 5 bii»f)SB^4a#^>'«5 
T?«>ffSTSr*<-t-5ri:*s. SSftfc 
^©jfS^&ftRfcKft-efc**^ 663«te©*S\ ft 
#OTS£^j*1-5*>r7^^y7 , LED{::H:'<, 

[00 7 4] W:, #ria«-&*3fe*-T-XtWS3t»«o* 

[0 0 7 5] (ItttOTBIB 5 ) B 1 0 tt. tt£W<D-n 

(75 S i^^-- KfT-2©±I©pIl7Rt;ngi8 
±l;7^7K^y/T-Mt51t, &TJ^->7°-(fc£;h, 20 
fcGaN • LEDi^l^r^x/N-troS i 9 <i *— K 

Lfcftl <omSil 6?rGaN - LEDlfl 

[0 0 7 6] Kt^F-T'n-fe^tr.tfJ, ?&G 
a N • LEDif 1 Zmm-TZe Z<DG a N • L EDi 

WIS Lfc i 5 7 r>fr 1 aWill:, 
G a N^^^^«ffSSrWM bfcS^#F*igT% * 
7 7-{7Uf[l a b%.tt<DM±.l~A 1 iD45nti6 
irAgirT i tAu £ <9 p9M5 tmf&ZtlTi^ 30 
So GaN- LEDi^-lll t^.^—WteX'i'—}- 

■^-TV^ 0 \Zis— hSrx^/N'yKLtV^ (LEDf 
s/7") „ El 10 14, r^ti*»5>iES£$nrv^5o 
[0 0 7 7] — *\ S i 3(-, l4l:ftS i 

9 A Or— K3fi^ 2 ^fsmm^J&ls, ^(D±M<Ov>nM 
7S.^nllffi8±iC^^ y K/^7°^fiSc?£T--^ * n 

y^ii, i 2*m&1rZ (/O'TWjft) . fcfctfi'*' 

-2 5T*Ga N • LEDf^l ^m^Bfi£;®5rTl- LT 
fy^T^/U ttjIBS i 9 4 *— 2 £>>ffr|B]i~2> 40 

p®&7;Rl*nftffi8trftB£-:fc>-tt:&U ^^n/^^ 
7*1 1, 1 2 iS^.WmSriffi*- 
•S-fcHtTfll*., KrlE-rW^n/O'.T'l 1, 1 2£?g*$ 

(fy^lt) o H4, GaN- 

LED^l <Dfg§&, fttig, »-S-£rift3# 

ffiti, 1 5 jimKTt'fc?), :»fy7l^f, GaN 
• L EDi^- Its i *V ir— Y3k=f- 2 t WP^IC 15^ 
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[0 0 7 8] ^-Of*, flfJfSG a N ■ L EDi-f liS i 

-3±t;, ik%mm. i ktt\,-k.%\(j>mm\ 6*g.n 
- ^ppjwi* if — =■ v ^m^mx-n ? . 

[0 0 7 9] ft l i 6 0>JMJft*ft£*3fc 
-fir— 2 6IC«tt)^y7"*fi[{C^f'J u 

ft^atsn^F-w©^ i/ 7*asj&* $ n £ o 

[00 8 0] *©ft. ft^Jtft^F-WSr U - K7 U-A 
5 0 aro-^"7^haJ±{-gfllES i ^t-Kff2©I 
1119 SrTlwLT\ Ag^ h 5 lSr^U ft^W 
g&ft£r®«?ft;SSfc@3£L- (D/B) . UMES i *W 

Kft^ 2 (D^vf^ i^^y K« 1 0 i:tt,*^> y — K 5 
0bK5-Au!7^t-5 2fft!i (W/B) Lfc&, « 
-&^3tm^WS:^tp D - K7 u— A 5 0 co^feffigCSr^S 
«tt0>ft 2 <Omm 5 3 (^uKdrv-^flg) T?* — A- K (» 
ih) U &#,LEDt^7°^T-#-5„ &*5, tfJSEHiSro 

««-e y - K7 u — M.<7){ j iiz> v \zmm&mm&& 5 5 1 

afefynED©Ri*Sii5:5. S 
fc, S i^*-K*iP2?ri«)^40tl^Mt 

[0081] mffi.<oi&m6) mn\±, *mw<v-m 

JB«<0»36*i60>fl*«tt, ft 5 <oftftw»«ll«>JlllJfi*fe 
ft 1 o1»J!& 1 6 ©#**1Stjeftir*&— = > h n - 

[0 0 8 2] 11 1 ro7n-f -c- 9t-. 7 

m/N— ^co S i ^ KSf 2 GaN- LED 

^llrfy^Lfcttltt, £3t5l»JffibE-Cfo5 
t77^7lll a <^^ffi?r*BD*®9ro^fi!c;ffi (S9 

(4®i6-CS«T-*>5„ ^©ttiliil 1 (D^-v^^(D 
m \z.7F-t =t 9 \zm V ^ 9 , ffi $ ^ = # =■ "C-fc o 3t 

S«l aWffiSSt/WSSrSiSffitw^LT^— I:t5 
fci6t^Wli<l2 7t^J;5.W^X^ (f'/7l§) SrAix 
5o W®<7)^. -tro^y— v?I^J; •) G a N • LED*^ 
l*s(KJttL*i/^J;5KS i 94*— Y%=f-2 tCa N • 
LEDft^-lwHtMfcftJfi hJi^ ?rA 

[0 0 8 3] *7c, *3t*K^*bfcft 1 0>»Jft 1 6 
<DS^ (1t3t«Kft*) «>ft» 7^>-3l^»&Lfc^ 
t©fy^fS 1 <7>«tJig 1 6 «5ft*S:l9:S«KiS<5lt, 
Sipffitr*)- L*&— lwi-Sfi«6I^Wg«2 7f^J;5BF«I 
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[0 0 8 4] ^mmm^mmx- u - y? u-a s o <dk 

LEDO«a»«6i:**. Si^t-K^2 
[0 0 8 5] 

^tr*l©»|gro$«tJBl4:*5fc«)t-. Vt&MHV?* 1° 
W»|g*ttrc# GaN-LED 

igwf t n t <nmiz.mni±&mn sn/t. t # 

•5 flfcig £ Bfi it-T 5 o fcflMW* <£> ffi v 

[0 0 8 6] Sfefc. IMtaUftB*^©*; 

[0 0 8 7] £<bt^ 6-fe^*Wfegi:^:<D/^y^Sr 
*MaTf-*fc*fc» GaN-LEDifrotttOffitl 
(3tjgiiSttW1^7rl'TS«<03cS) t^Wffi-b!-^ 
£Hfci£ft$5ltaW<0fgl <DffiSs<V*\-nM (5^ffi) 
Sttmt'i'S^^'J'^HiS^ (S i^t-KifX 

ro«StIWS:SilE!: LT1SL, 30 

[0ffitf>fB5i£fc!ft9?] 

nan ik i ©»to»»^5amiiH t tfco 

t, 

(a) I4BtS0 

(b) ¥ffi0 

[02] jBi«?|ll6<o»«lllc«5«-&-*3t* J f-^rt*i- 
5<*:»lH]KSrUiWi-5fc«)0|H!K® 4C 
[BIS] mi nmMW&MK&ZGa N • LEDi?f 

(a) napsm 

(b) 14 (a) A-A«l^tt*I*H=*fc«ffiia 

[Bi 4 ] ssi w^jfeco^figtD s i f 4 YM=f-<omm 

(a) f4¥®0 

(b) \mmm 

[0 5] ^2<Dmmmm^^^%*^-^^ 

[16] ^2<D^ife<D»fl8<o«Sb3g^-<o«®iSr^-r¥B s 
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m 

[i2i7] mscDmrnmrntom^m^tm^X'^ox, 

(b) liSSlOTfcMitGaN • LEDlffCt'T^T 

[0 8] m4<OHl£O^wefeLED7>'7'(Oifffi0 
[09] f&4<r>nM<nfcWt?>&£>3-y7'LED<Dmffim 
[010] »5©*JS©»<»«>«*56«»«ifi*feS:* 

[011] SB 6 ©IB«©»lB03E3t«««5i8ifi*ft*r* 

[012] Mp D Mfc£*lT^5££5fc<OG a N • L EDf^ 

(a) I±¥ffi0 

(b) 14 (a) ©C-Clil$c«*lSlfc*fc»rH5HI 
[01 3] MftSntV^GaNiefeLED?^ 

<D{grffi0 

[*$^§-oBif3] 

1 GaN'LEDtf (S)ti^) 

1 a t7r-f7SS 

2 Si^t- KSf ^ 
2 a nlfi^« 

2 b pi^(*«i 

3 r^i/N— 

5 pii 

6 n®® 
7 

8 nHH 

9 mmwm 

1 0 tP^-Y KSS 
11, 12 ? n^^^y 
16 II K>1^flg 

2 1 nl>>!l n^SS (nl*«#ll«) 
2 2 pl^fi 

2 5 

2 6 ^ 

2 7 WEiH 

3 1 A 1 N/<y7rl 

32 nSGaNl (nlt*#*«) 

3 3 nlAIGaNi (nlflftW 

3 4 MQWjf 

3 5 plAlGaNl (pi¥*#S«) 
36 pSGaNl (pS^*ffi«) 

4 0 

4 2 II 0>*tl*l*tt 

4 3 I 2 C9*f ft?!® 

4 4 Syr^^yKIS 
) 4 5 
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4 6 HSMB: 

5 0 a, 50b D — Y7 U—J* 
5 0c y~f 

5 1 Ag^-? h 
5 2 Au 7-f ir— 
5 3 12 Wffli (#Jt«MB) 

5 5 mmmLn&fa ^ mh^sk) 

55a, 55b !l — K 
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5 6 Ag^-^ h 

57 Au!7-f-1r— 

5 8 ^7Kdr->»flig (i+lh^Ii) 

R t&Sm&l 

D IS 1 <0#tJj!<£>#^ 

T f -yrLEDfOiS^ 



[1211] 



[02 J 



(a; 



/ft 




12 9 ft 7 2a 2b 
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to 



[i5] 



6 u 40 
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( b ) 
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1^ 7 

— \ in 32 
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[mil] 
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1 2] 




7/ 70 
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t&ffi 2 0 0 1 - 1 5 8 1 7 




(72)3B9J# 'hm nm F*— 5F041 M14 AA23 AA41 CA05 CA13 

^mmmm^m 1 # 1 * »Tt?xi CA34 CA35 CA4 ° CA46 CA83 

**#ttrt DA02 DA04 DA07 DA09 DA18 

DA20 DA26 DA44 DA83 EE22 
EE25 

5F073 AA74 AB16 AB21 CA07 CB05 
FA13 FA30 



